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DISTRICT ODURT OF THE UNITED STATES 

FOR THE DISTRICT OF COLUMBIA 


Staitdabd Oil Devblopmbitp Compaity, 
in its own right and as Assignee of 
Warren K. Lewis and Edwin B. 
Gilliland, Box 243, Elizabeth B, New 
Jersey, 

Plaintiff, 

V8, 


liAWBEircE C. E^gslakd, Commis¬ 
sioner of Patents, 

Defendant. 


New York, N. 
November 22, 1948 


EE.A.p.25q* 

Bin of Complaiiit For Letters Patent 

The plaintiff states as follows: 


The plaintiff, Standard Oil Development Company, is a 
Corporation of the State of Delaware, having its principal 
place of business at Linden, New Jersey. 


The defendant, Lawrence C. Elngsland, is the Commis¬ 
sioner of Patents of the Dnited States, an official resident 


B. A. indicates pages of the Becord on AppeaL 
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Complaint 

of the District of Columbia, and is sned as Commissioner of 
Patents of the United States. 

m. 

This bill is filed in accordance with the provisions of 
the Federal Laws of the United States as provided for 
nnder U. S. Bevised Statute, Section 4915. 

[R. A. p. 254J IV. 

The plaintiff brings this suit m its own right and as 
assignee of the entire right, title and interest in and to U. S. 
application for patent Serial No. 544,896 filed July 14,1944 
by Warren K. Lewis and Edwin B. Gilliland and entitled 

“CATAIiTTIC PeOCBSS’*. 

V. 

Said application was filed and duly prosecuted in accord¬ 
ance with the laws of the United States and the rules of the 
Patent OfSce. 

VL 

The said application has been passed upon by the Pri¬ 
mary Examiner who refused to allow claims 26 and 29 to 34, 
inclusive, thereof. 

vn. 

Appeal was taken- from the decision of the Primary 
Examiner to the Board of Appeals of the United States 
Patent Office which, in its decision dated May 27, 1948, 
affirmed the rejection of said claims on certain of the prior 
art references relied upon by the Primary Examiner and 
refused to allow said application, and, more particularly, 
claims 26 and 29 to 34, inclusive, thereof;. ' 


Complaint 

VUL ! 

No appeal from said decision of the Board of Appeals 
has been taken to the United States Court of C’nstoins and 
Patent Appeals, nor was any nolice of intention to take 
such appeal filed with the Commissioner of Patents as pre¬ 
scribed by law. ^ I 

pt. A. p. 2551 • . . ■ 

The Commissioner of Patents, by the Board of Appeals, 
contends that said claims 26 and 29 to 34^ indnmve, of said 
application are unpatentable for lack of novelty over the 
teachings of U. S. patente No. 1,810,055 to Mulleri et aL, 
No. 1,984,380 to Odell, No. 2^111,579 to Winkler et aL and 
No. 2,231,424 to Huppke. 

X 

Plaintiff asserts that the subject matter defined in said 
claims 26 and 29 to 34,-inclusive, is not shovm or sugg^ted 
in the prior art and is patentable thereover^ and that the 
Commissioner of Patents wrongfully refused to issue a 
patent containing said claims on said application Serial 
No. 544,896. 

XL 

Plaintiff further states, on information and belief, that 
said invention is new and useful, was not known or used by 
others in this coxmtry before the inventiCn thereof by said 
Warren EL Lewis and Edwin B. Gilliland and not patented 
or described ^in any printed publication in thia or any 
foreign country before said invention thereof, nor more 
than one year prior to said original application and was 
not patented in any formgn country by it or its legal repre¬ 
sentatives on an application filed more than twelve months 
prior to said original application for United States patent, 
and that said original application has not b^^ ab^doxied. 
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Anstaerr 

[B. A. p. 256] Whebefobe, plamtiff prays that this 
Honorable Court adjudge that plaintiff is entitled to receive 
a patent for the said invention, as specified in the said claims, 
and snch other ftlaima as upon hearing the Court may find 
patentable, and that this Honorable Court authorize the 
Commissioner of Patents to allow the said application and 
claims. 

Staitdabd Oil Pevelopiient Compaitt 

By W. C. Asbxjbt OK 

Vice-President PJ W 

W. P. Weigbsteb 
Attorney for Plaintiff 
1124 Munsey Building 
Washington 4, D. C. 

[B. A. p. 257] 

W. W. CocHBAN, Solicitor, 

United States Patent Office, 

Washington 25, D. C., 

Attorney for Defendant. 


Answer to Oxaqilaint 
Piled Jan. 11,1949 


To the Honorable the Judges of the United States District 
Court for the District of Columbia., 

I, n, m. 

Defendant admits the allegations of paragraphs I, H, 
' and HL 












He admits that plaintiff brings this action in its own right 
as assignee of the patent application Serial No. 544,896 of 
Warren K. Lewis and Edwin E. Gilliland entitled Catalytic 
Process which was filed in the Patent Office on July 14,1944. 


[R. A. p. 2583 V, VI, vn, vm, IX. 

He admits the allegations of paragraphs V, VI, VII, 
vm, and IX: 


He admits that he has refused to issue a patent on said 
application containing any of claims 26 and 29 to 34, inclu¬ 
sive, thereof. He denies the allegation that the subject 
matter of said claims is patentable over the prior art and 
denies that his refusal to issue a patent on said application 
is wrongful. He states that said claims are unpatentable 
in view of the following prior patents and for the reasons 
given by the Examiner in his Stetement dated October 23, 
1947 and in his Reply dated April 14, 1948 and for the 
reasons given by the Board of Appeals in its decisions 
dated May 27,1948 and June 15, 1948, copies of which will 
be furnished at the trial: 

Tyler 1,798,857 Mar. 31, 1931 

Muller et aL 1,810,055 June 16, 1931 • 

Winkler ' • 1,913,968 June 13, 1933 

Odell 1,984,380 Dec. 18, 1934 

Winkler et aL 2;111,579 • - Mar." 22, 1938' 

' Huppke 2,231,424 Feb; 11, 1941* 

Carpenter 2,259,486 Oct' 21, 1941 

Degnen 2,305,569 Dec. 15, 1942 ^ 

Metallgesellschaft (Br.) 285,038 May .9, 19!^. 


Profert is hereby made of copies of the above cit^ patents 


Opinion of the District Court 


[B. A. p. 259J XL . 

He admits that in said application Warren K. Lewis and 
Edwin B. Gilliland made averments corresponding to the 
allegations paragraph XI, bnt denies for reasons afore¬ 
said that snch allegations are sufficient to justify the issu¬ 
ance of a patent on said application. 

W. W. COCHUAN 
Solicitor, U. S. Patent Office 
Attorney for Defendant 

January 10,1949 

I hereby certify that a copy of this Answer to Com- 
piaust was mailed today, January 10, 1949, to Mr. W. F. 
Weigester, 1124 Munsey Building, Washington 4, D. C., 
attorney for defendant 

W. W. Cochran 
Solicitor. 


[B. A. p. 261J 

Opinion of the District Court 

Filed Jan. 24> 1951 

The plaintiff, as assignee of the application of Warren 
EL Lewis and Edwin B. Gilliland, seeks to have the Court 
authorize the defendant to issue to it a patent containing 
claims numbered 26 and 29 to 34, inclusive, of the applica¬ 
tion. The defendant rejected these claims as unpaten^ble 
over the prior art This application is a division of a former 
application and the defendant admits that applicants are 
entitled to the benefit of the earlier filing date, January 
3, 1940. 

The claims are for a process of contacting gaseous fluids 
with finely divided solids, as, for example, the convemon^qf 
hydrocarbon vapors by contacting them with finely divided 
catalyst particles. 




Opinion of the District Court 


Claim 33 is illustrative: 

33. lii a process for contacting a gasiform ma¬ 
terial and a finely divided solid the improvement 
which comprises passing gasiform material upwardly 
at a velocity between about 0.3 and about 2.3 feet per 
second through a dense body of said solids constitut¬ 
ing a contacting zone in which said solids are present 
in particles of different sizes, the largest of which 
are not larger than about 10 mesh, which includes 
particles between 200 and 400 mesh and the major 
portion of whidi passes 100 mesh, said gasiform 
material being introduced, into said zone through an 
entrance of more restricted cross sectional area than 
said contacting zone, continuously removing gasi¬ 
form material from the upper end of said zone, 
continuously removing solids together with gasiform 
material from the upper end of said zone and con¬ 
tinuously introducing finely divided solids directly 
into said zone at a rate sufficient to replace solids 
removed therefrom and maintain said dense body as 
a highly turbulent mixture of finely divided solids 
and ga^orm material containing at least 6.6% by 
[B. A. p. 262] volume of said solids, the miTiiTmiTn 
velocity of gasiform materi^ employed within the 
range given being that sufficient substantially to 
empty ^d contacting zone of solids in the absence 
of continuous solids feed to said zone. 


The parties a|^ee that the issues in this case are: 

1. Whether the specific values set out in the fil^iTna as 

to gas velocity, particle size and concentration of solids are 

critical values. 

* 

2. Whether the process defined in the claims is inven¬ 
tively different from the processes disclosed ia the patents 
cit^ by the defendant, 
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Opinion of the District Court 

Plaintiff admits that it is old to contact gaseous xnateiials 
with finely divided solids imder snch conditions that by 
passing the ga^s throngh a bed of particles at a low velocity 
the bed is converted into a kind of qnicksand with the sur¬ 
face of the bed having the appearance of a boiling liquid. 
This is referred to by the plaintiff as ‘‘Eegime 1.” The 
plaintiff also admits ^t it is old in the art to employ gas 
velocities so high relative to particle size that the solid 
particles are carried along at a velocity approadiing that 
of the gas stream. This is referred to by the plaintiff as 
**Begime 2.’’ 

The plaintiff undertakes by combining these ^o regimes 
to gain advantages not to be obtained by either alone. The 
purpose is to operate at a gas velocity sufficient to blow all 
or substantially all of the solid material out of the reactor 
in a relatively short time, provided no fresh solid material 
be introduced during this time, but will feed into the reactor 
simultaneous solid material at a sufficiently high rate to 
maintain in the reactor a hi^ concentration of sofid 
granules approadbdng that of au apparently liquid state, 
and be blowing the solid particles out of the top of the 
reactor at a corresponding rate. 

As to the first issuewhether the as to gas 

velocities, particle size, and concentration of solids are 
critical, &e defendant cites the 'Winkler et aL patent No. 
2411)579, in whidk a bed similar to a boiling liquid was 
produced by passing gas through a bed of solid particles. 
The examiner calculated that the velocity of the gas in the 
'Winkler patent would be 0.5 and 0.6 feet per second. Plain¬ 
tiff contends that a temparature [R A. p. 263] correction 
would make this 4.3 and 4.4 feet per second. On the other 
hand the defendant contends that a pressure correction 
would result in lowering the velocities set out in the plain¬ 
tiff’s claim. 

The other proceira referred to by plaintiff as **Begime 
2” is disclosed in the Begnan Patent^ No. 2,305,569, which 
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Opinion of ihe District Court 

involves ‘^constricting the; cross. section of the reaction 
chamber and flo'wing the gas at a correspondingly higher 
velocities throng it»” with ‘‘the partides being carried at 
a fairly hi^ rate overhead, with the gas.” 

Is the particular velocity “between about 0.3 and about 
2.3 criticalt In the specificalions it seems that velodties as 
hi^ as 5.0 and 7.8 feet per second will produce tiie desired 
densities and turbulance, and that even higher velodties 
may be used if the solid feed rate be also increased. 

It also appears from other references dted by the de- 
fendant that the particnlar sizes of Ihe partides are similar 
to those of the prior art 

The plaintiff claims that by the combination of the speed 
of the gas and size of the partides set forih in its claim that 
an unpredictable result was obtained, one that was in 
violation of Stokes’ law. The defendant contends that it 
is apparent to anyone familiar with that law that the Stokes’ 
law would not be aj^Murent. But I agree with the Exmmndr 
who stated that ^‘the phenomenon described by applicants 
is in fact old in the art,” and it is immateriid yrhether it 
was pre^dnUe of not. 

Considering all references relied upon by the defend¬ 
ant, I find that the particular speed of the gas and sizes of 
partides are foreshadowed in the references wd it was a 
mere matter of experimentation to find those best suited 
for the appli<^t’s purposes. The testimony introduced 
by the plaintiff at the trial does not, in my opinion, over¬ 
come the findings [E. A. p. 264] and opinion of the Exam¬ 
iner and Board of Appeals of the Patent OfiSce with which 
I am in agreement. Certainly it does not appear that the 
Examiner and Bdard of Appeals were dearly wrong. 

The suit will be dismissed at the cost of the plaintiff. 

• • 

JxmrxHGS Bulky . 

Judge ; 
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[B. A. p. 265] Findiiigt of Fact 

PUed Mar. 22,1951 

1. This is a suit broaght imder the provisions of Sec¬ 
tion 4915 R. S. (35 U. S. C. 63) in which it was songht to 
have the Conrt find that plaintiff, Standard Oil Develop¬ 
ment Company, as the assignee of an application for patent 
on a “Catalytic Process,” Serial No. 544,896, filled by 
Warren K. Lewis and Edwin B. Gilliland in the United 
States Patent Office on Jnly 14, 1944, is entitled to have a 
patent issned to it containing claims 26 and 29 to 34^ in- 
clnsive, of that application. 

2. The application in suit is a division of an application. 
Serial No. 312,200, filed by Lewis and Gilliland on Jannary 
3, 1940, and, as admitted by defendant, the applicants are 
entitled to the benefit of their earlier filing date. 

3. Claim 33 is representative of the claims in snit and is 
the broadest of them. This claim reads as follows: 

33. In a process for contacting a gasiform 
material and a finely divided solid the improvement 
which comprises passing gasiform material upwardly 
at a velocity between abont 0.3 and about 2.3 feet per 
second through a dense body of said solids constitut¬ 
ing a contacting zone in which said solids are present 
in particles of different sizes, the largest of which 
are not larger than about 10 mesh, which includes 
particles between 200 and 400 mesh and the major 
portion of which passes 100 mesh, said gasiform 
material being introduced into said zone through an 
entrance of more restricted cross sectional area than 
said contacting zone, continuously removing gasiform 
material from the upper end of said zone, con¬ 
tinuously removing solids together with gasiform 
material from the upper end of said zone and con¬ 
tinuously introducing finely divided solids directly 
into said zone at a rate sufficient to replace solids 
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Findings of Fact 

removed therefrom andmaintain said dense body as 
a highly turbulent mixture of finely divided solids 
. and gasiform XB. A. p. 266] material containing at 
least 6.6% by volume of said solids, the TniniTmiTn 
velocity of gasiform material employed within the 
range given being that sufficient substantially to 
empty said conta<^g zone of «olids in the absence 
of continnons solids feed to said zone. 

Claim 34 indicates that the process broadly defined by 
claim 33 has specific application to the conversion of hydro¬ 
carbon vapors by contacting them ivith finely divided 
catalyst particles. 

4. Consistently with the discussion of prior processes 
in the application in suit, plaintiff admits that it is old to 
contact gaseous materials with finely divided solids under 
such conditions that by passing the gases through a bed of 
particles at a low velocity the bed is converted into a kind 
of quicksand with the surface of the bed having the appear¬ 
ance of a boiling liquid. Such a process is referred to by 
plaintiff as ^^Begime 1,” and is disclosed in the patent to 
Winkler, No. 1,913,968.- 

5. With like consistency, plaintiff also admits that it is 
old in the art to employ gas velocities so high relative to 
particle size that the solid particles are carried along at a 
velocity approaching that of the gas stream. Such second 
process is referred to by plaintiff as “Be^me 2,’^ and is 
disclosed in the patent to Degnen, No. 2,305,569. 

6. In their application in suit, Lewis and Gilliland relate 
the various advantages and disadvantages of the two prior 
processes; indicate that their process is intermediate the 
two old processes; and profess to gain by their process 
advantages not to be obtained by either old process alone. 
In their process, applicwts use a reactor of the same 
general type as that in which the two old processes have 
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Findings of Fact 

been practiced. Applicants’ specification describes the in¬ 
vention as follows: 

“It has now been discovered that by proper con¬ 
trol of the operation of a nnit of this general tyi)e, 
one can secure in large degree the advantages of 
both types of operation jnst described, and at the 
same time eliminate or greatly reduce the disadvan¬ 
tages. If one will operate at a gas velocity sufficient 
to blow all or substantially all of the solid material 
out of the reactor in a relatively short time, provided 
no fresh solid material be introduced during this time, 
but will feed into the reactor simultaneously solid 
[R A. p. 267] material at a sufficiently hi^ rate, one 
can maintain in the reactor a concentration of 
solid granules approaching that of the ^liquid state’ 
described above, and yet be blowing the solid parti¬ 
cles out of the top of the reactor at a corresponding 
rate, in other words, operating conditions should be 
used in which solid concentrations approach those of 
a mobile * liquid’ mass condition, but gas velocities 
are sufficient to carry all solid particles overhead in 
the gas stream. This is secured by using an ade¬ 
quately hig^ ratio of rate of feed of solid particles 
to rate of feed of gas or vapor to the rea^r.” 

7. In their application in suit, as opposed to their claims, 
applicants recite that the gas velocity may range from 0.3 
to 7.8 feet per second; that the i)articles of solids may be 
larger than 10 mesh to finer than 400 mesh, even to the 
extent of being “sub-sieve” size; and that the concentration 
of solids may be as low as 3% to as hi^ as 10% to 15%, 
and even somewhat hi^er. 

8. In patent No. 2411»579, WinMer et aL disclose the 
manufacture of fuel gas from finely divided solid fuel, such 
as coal or coke, by treatment with two gases. The gases 
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impart a vigorous, winrling, np and movement to the fine 
fuel particles thronghoiat the entire thidbiess of the glowing 
layer of fuel, with the fnel being kept in movement similar 
to a boiling liqnid. The size of the grains of the solid fuels 
preferably ranges between that of dust particles and 
10 millimeters. From the data given in the WinMer et ah 
patent, the Patent Office examiner calculated that the gas 
velodlies would be 0.5 and 0.6 feet per second. On the 
basis of the contention that a temperature correction ^ould 
be made, plaintiff calculated the gas velocities as 4.3 and 4.4 
feet per second. T^th reference to rulings in the Patent 
Office, defendant contended that, if a temperature correct 
tion were made, a pressure correction also should be applied, 
and that, with both corrections, the calculated vel^ties 
would fidl within the range of about 0.3 to about 2!3 feet 
per second, specified in the claims in suit. Gas velocities of 
4.3 and 4.4 feet x>er second are still within the rangelof 0.3 
to 7.8 feet per second, set out in the application. 

9. In his patent, No., 1,984,380, Odell describes a process 

of producing chemical reactions in which gas is passed 
through crushed [EL A. p. 268] solids, causing the miass of 
solids to become fluidized and to behave like a liqnidl The 
solids, Odell states, are fluidized by suspension in the up- 
flowing gas stream, with the particles in constant turbulent 
motion, and with the mass assuming the properties of a 
boiling liquid. Odell particularly x>oints out that the fluid¬ 
ized mass of solids can be made to circulate automatically 
through a reactor; that the fluidized soHds overflow from 
the reactor like a liquid; and that the flow of ^d is the 
means both for fluidizing and circulating the solids. Par- 
tides of an average diameter of % indi wiH, Odell asserts, 
operate satmfactozily. Odell refers to a gas velocity of 
0.8 feet per second. I 

10. The patent to Muller et aL, No. 1,810,055, discloses 
a process for contacting finely divided materials withlgases. 
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The patentees bring the solid particles and the gas together 
in snch a way that the particles are retained in snspension, 
their transportation is prevented, and a TnaxiTmiTn dnration 
of the reaction period is assured. The patent refers to an 
intermittent mode of operation, but adds that, in lien 
thereof, the operation can be carried on in snch a way that 
the ascending movement of the dnst or fog zone and the 
corresponding replacement by fresh material proceeds in a 
steady and gradual manner. 

11. British patent No. 285,038 shows an apparatus for 
carrying out the process disclosed in the Muller et aL 
patent. No. 1,810,055. 

12. The patent to Huppke, No. 2,231,424, discloses a 
catalytic method in which ^e finely powdered catalyst is 
circulated with gases at a velocity sufficient to keep the 
catalyst in turbulence and in suspension in the gases or 
vapors being treated until the conversion sought has been 
accomplished. According to the patentee, the rate of gas 
flow may be such that there is a tendency for the catalyst to 
settle substantially with respect to the moving gas so that 
there is a relatively long period of treatment Huppke 
specifies the use of a catalyst so finely divided that all 
passes through a 300 mesh screen. 

13. The patent to Tyler, No. 1,798,857, discloses a process 
for [B. A. p. 269] calcining gypsum by contact with hot gas. 
The gypsum particles are of the size specified in the claims 
in suit, and the gypsum is ground so fine in order that it 
may be fluidized and mobilized by a stream of gas through 
the heating and calcining chamber. Tyler asserts that the 
gypsum is moved along through the chamber by the feeding 
action of a conveyor and by the gas that is introduced in 
sufficient quantity to fluidize and mobilize the gypsum. Ac¬ 
cording to this patentee, the introduction of gas is not the 
sole cause of movement; the introduction of gypsum is also 
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a cause; but the gas does have that moving function in addi¬ 
tion to its fluidizing function. 

14. In his patent, No. 2,259,486, Carpenter discloses a 
• process in .which gas oil vapors and powdered catalyst are 

passed upwardly together through a reactor tube. Car¬ 
penter states that his catalysts may be of Ihe clay type or of 
the silica-alumina type, and they are comparable to the 
activated clays and synthetic catalysts to which the appli¬ 
cants refer in their application. According to Carpenter, 
the velocity of vapor flow is sufBcient to carry the catalyst 
in the vapor stream through the reactor. From data given 
in the patent, the Patent Office examiner calculated the con¬ 
centration, by volume, of solids in the reactor to range 
between 12.5% to 18.6%. 

15. The specific values as to gas velocity, particle size, 
and concentration of solids, recited in the claims in suit, are 
not critical values. 

16. The particular speed of the gas and sizes of particles 
are foreshadowed in the following references upon which 
defendant relied, and it was a mere matter of experimenta¬ 
tion to find those best suited for the applicants’ purposes: 


Winkler et al. 2,111,579 

Odell. 1,984,380 

Muller et aL. 1,810,055 

British. 285,038 

Huppke . 2,231,424 

Tyler .,. 1,798,857 

Carpenter . 2,259,486 


[B. A. p. 270] 17. Whether or not the solids concen¬ 
trations produced by the specific velocities and particle 
sizes recited in the claims in suit would be predictable from 
Stokes’ law is immaterial, since the phenomenon described 
by applicants is in fact old in the art. 
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Conclusions of Law 

18. Tlie process defined by the claims in snit is not in¬ 
ventively different from the processes disclosed in the fol¬ 
lowing patents: 


Winkler et aL. 

.... 2411,579 

Odell. 

.... 1,984,380 

Muller et aL. 

.... 1,810,055 

British. 

285,038 

Huppke . 

.... 2,231,424 

Tyler . 

.... 1,798,857 

Carpenter. 

.... 2,259,486 


19.. Claims 26 and 29 to 34, inclnsive, in snit are 
unpatentable in view of the following patents: 


Winkler et aL 

OdeU. 

Mnller et aL 

British. 

Hnppke .... 

Tyler . 

Carpenter .. 


2,111,579 

1,984,380 

1,810,055 

285,038. 

2,231,424 

1,798,857 

2,259,486 


20. Plaintiff^s contrivance has been very successful 
from a commercial standpoint. 


Conchisknis of Law 

1. Plaintiff, Standard Oil Development Company, is not 
entitled to a patent containing any of claims 26 and 29 to 
34, inclusive, of the Lewis and Gilliland application. Serial 
No. 544,896, in suit 

2. The complaint should be dismissed as to all the 
claims in suit. 

jBzmDTGs Bailey 
Judge 
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[E. A. p. 271J Jodgmeiit 

Filed March 22^ 1951 

This action came on to be heard at the last term, and 
thereupon upon consideration thereof, it is this 22nd day of 
March, 1951. 

Adjudged that the complaint be and it is hereby dis¬ 
missed, with costs against plaintiff. 

Jennings Bailey 
Judge 

APPBOVED AS TO EOBM : 


Attorney for Plaintiff. 
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EXTRACTS FROM THE TRANSCItlPT OF PROCEEDINGS 
IN THE DISTRICT COURT 

[Tr. p. 43 Mr. Kenyon: I wonld like to hand np to yon a 
printed copy of the application that is before yon. This is 
not, of conrse, the complete File Wrapper and has no 
standing as snch, bnt it is simply offered for convenience. 

Mr. Moore: Yonr Honor, as I told connsel for plain¬ 
tiff before this trial, I wonld raise no objection to yonr 
consideration of this printed pamphlet, if it wonld serve 
any good pnrpose. Bnt I wonld have yon understand that 
it is a copy of this application as amended, and in this 
case it is important that the application in its condition as 
filed be considered. 

The Court: Yon mean the original be considered as 
well as this amended application? 

[Tr. p. 5] Mr. Moore: Yes, Yonr Honor... 

• • • 

pPr. p. 423 The Court: What is yonr first point, that the 
claims were not supported by the applications, or are not 
in accordance with the applications. 

Mr. Moore: No, I don’t say there is any question of 
new matter, Yonr Honor. I say that they are taken out 
of the midst of figures which have no critical importance. 

The Court: They are not as broad as the application? 

Mr. Moore: They are narrower than the application. 
They insist, as I see it, that there is some critical impor¬ 
tance to a range that is included in the broad range speci¬ 
fied in the application as filed. 

• • • 

Egeb Vaxtohn Mubphbee was called as a witness by the 
plaintiff, and having been fiirst duly sworn, was examined 
and testified as follows: 

Direct examination [Tr. p. 43J hy Mr. Kenyon: 

Q. Please state yonr name and residence. A. My name 
is Eger Vaughn Mnrphree and I reside at 1 Crest Acres 
Court, Summit, New Jersey. 
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Q. What is your present position? A. I am president 
of the Standard Oil Development Company. 

Q. How long have yon been connected with that com¬ 
pany? A. I joined the Standard Oil Development Com¬ 
pany in 1934. 

* Q. What technical jobs or experience had you had prior 

to that time? A. From 1922 to 1924, I was research 
^ associate at M. I. T. From 1924 to 1930, I was with the 
Solvay Process Company as a chemical engineer. From 
1930 to 1934, I was manager of the research development 
» department of the Standard Oil Company of Louisiana. 
From 1934 on, I have been with the Standard Oil Develop¬ 
ment Company. 

Q. What type of business is the Standard Oil Develop¬ 
ment Company engaged in? A. The Standard Oil Develop¬ 
ment Company is essentially a technical organization for 
^ the Standard Oil Company of New Jersey and its afl&liates. 
It carries out research development and engineering and 
it also is the patent holding and patent licensing company 
for the New Jersey group. 

[Tr. p. 44] Q. How long have you been president of 
that company? A. Since 1947. 

Q. And what positions did you hold in that company 
before 1947? A. Well, from 1937 o^, I was vice-president 
of the company, becoming executive vice-president in 1946. 

, Before that I was manager of the research development 
department. 

Q. Now, will you go back to the year 1938 and tell me 
k what major project was the Standard Oil Development 
Company concerned with at that time, 1938? A. We were 
concerned with the development of the catalytic cracking 
process. 

Q. Who was in charge of that development work? A. I 
was in charge of the work as a whole. 

• Q. Now, why was the Standard Oil Company interested 
in and engaged in that project? 
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In 1937, two of our competitors came out with a com¬ 
mercial catalytic crackmg process, [Tr. p. 45] the Houdry 
process that Mr. Kenyon referred to earlier. This process 
produced a higher yield of gasoline and also produced a 
gasoline of higher anti-knock properties, that is higher- 
octane number than the thermal processes, thermal crack¬ 
ing processes that were used by the industry previously. 

Q. By higher jield, do you mean that you get more 
product out of the same raw material? A. More gasoline 
out of a given amount of feed stock to the cracking unit 
Now, the gasoline market is a very competitive one and 
no company can long be at a disadvantage in quality or 
in operating costs and expect to stay in business, so it was 
very important that we develop a satisfactory catalytic 
cracking process. 

Q. Will you briefly describe the Houdry catalytic crack¬ 
ing process ? A. Well, the Houdry catalytic crackmg process 
is what is known as a fixed bed process. The catalyst is 
in the form of pellets in a bed in a reaction chamber. 

Now, it is the nature of catalytic cracking that when 
you pass oil vapor over a catalyst and cracking occurs, 
some coke or carbon is laid down on the catalyst and that 
tends to deactivate the catalyst To take care of the loss 
in activity, the catalyst is periodically subjected to re¬ 
generation, that is, it is blown with air or a gas containing 
[Tr. p. 46] oxygen to bum the coke or carbon off the 
catalyst and restore it to its initial activity. 

Now, in the Houdry type of operation, what you had 
was a vessel containing catalyst in the form of pellets and 
the operation consisted of passing oil vapor over the cata¬ 
lyst for a certain period of time until the catalyst activity 
fell to a certain point. Then the reactor was purged'with 
steam or a gas that did not contain oxygen. 

Q. Between those two steps, you had to turn the oil 
vapor supply off? A. Yes, oil vapor was taken out of the 
reactor, then it was blown with purging gas to remove 
final traces of vapor, and then air was blown through 
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the reactor to bum oft the carbon on the catalyst, then the 
reactor was purged again to remove oxygen or air from 
the reactor, then oil vapor was put back in the reactor and 
that was a cyclic type of process, those steps being con¬ 
tinuously repeated. 

Q. As far as the flow of oil vapor is concerned, it was 
not a continuous operation? A. No, it was not. The oil 
vapor was flowing to a given vessel only part of the time. 

Now, to make the operation more continuous in over-all 
character, a number of vessels were used so that you did 
have oil flowing through from one vessel at any one time. 

Q. It had to be turned from one vessel into another? 
[Tr. p. 4T1 A. That is correct, sir. 

Q. And then the purging and regeneration steps were 
carried out while the oil was going through another vessel? 
A. That is correct. Now, this type of operation, intermit¬ 
tent type of operation, introduced a number of complica¬ 
tions. First, the reactor had to be designed not only to 
carry out the cracking operation, but also to carry out the 
catalyst regeneration operation which involved a rather 
complicated arrangement. Particularly, the regeneration 
oi)eration involves evolution of a lot of heat, that is, you 
bum coke or carbon off the catalyst and there is a large 
amount of heat liberated the same way as when you bum 
coal. To take care of that, a provision had to be made 
so that the temperature did not rise to an excessive point 
because if the reactor catalyst got too hot, it became 
deactivated. As a consequence, a number of cooling tubes 
that contained molten salt were installed in the reactor 
closely spaced, possibly 2 inches or less apart, so as to 
control the catalyst temperature. This led to a very com¬ 
plicated constmction. 

Q. Those tubes were there even during the catalytic 
cracking operation? A. Yes, they are there. Well, the 
tubes are in the vessel and the vessel was used for both 
cracking and regeneration. 
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[Tr. p. 483 Q- Now, how did you proceed with your 
development program to meet this challenge T A. Well, our 
first work was very much along the lines of the Houdry 
process. • • • We started to investigate a fixed bed type of 
catalyst operation, where we put oil alternately through 
the cracking reactor. When the catalyst became fouled, 
we took the oil out and regenerated the catalyst We soon 
saw that was a very complicated operation and we decided 
we wanted to find something simpler. We thought that 
the best mode of approach would be instead of having the 
catalyst in one vessel fixed in location where it would be 
alternately subject to oil vapors for cracking and air for 
regeneration, what we wanted to do was to move the cata¬ 
lyst instead of moving the vapor in gas streams. 

We wanted to have the catalyst flow through a reactor 
vessel where cracking would occur, and then take the cata¬ 
lyst out of that vessel, continuously flowing out of that 
vessel, into a second vessel where regeneration of the cata¬ 
lyst would occur by blowing with air. And in that way, in 
any one vessel, conditions were constant during the whole 
operating period, that is, one vessel was used all the time 
for cracking and another vessel used all the time for re- 
£Tr. p. 49] generation. So, we tried to think of ways in 
which we could do that. We thought some about using 
catalyst pellets and having mechanical conveying systems 
for moving the catalyst from one vessel to another, but 
that didn^t seem very practical to us. We thought it would 
be very expensive and that we would get into a lot of 
mechanical troubles with the conveying equipment, since 
the amount of catalyst to be circulated was relatively large. 

We then came to the conclusion the best way to do it 
was to blow the catalyst from one vessel to another,- that is 
to transfer it pneumatically in an air stream or an oil 
vapor stream, and to do that we felt we needed a pretty 
finely divided catalyst, that is, a catalyst that did not have 
any large particles in it and that could be readily carried 
by the vapor or air stream. 
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Q. How do yon characterize that type of process you 
have described! A. We call it a dust type process or a 
dispersed phase process, or a coil type process, we use 
those three names for it. We were thinking of an opera¬ 
tion in which the concentration of the catalyst in the oil 
vapor or in the gas was relatively low. 

Q. Did you actually proceed with any construction work 
employing this coil type process? [Tr. p. 503 Yes, sir. 
We started laboratory work on the process probably in 
1936, and that work continued on a small scale laboratory 
equipment through 1937 and 1938. We designed a pilot 
plant of about 100 barrels per day charged in capacity, and 
that was put in operation in May, 1939. 

Q. Have you a flow plan showing in somewhat simpli¬ 
fied form the operations in that pilot plant? A. Yes, sir, 
I have a flow chart, it is somewhat simplified form, but still 
not too simple. 

Mr. Kenyon: I offer this flow plan as Plaintiff^s 
Exhibit No. 3. 

Mr. Moore: No objection. 

The Court: Eeceived. 

(Flow plan of ^*100 B/D Powdered. Catalyst 
Cracking Unit” was marked Plaintiff’s Exhibit No. 3 
and received in evidence.) 

By Mr. Kenyon: 

Q. Now, Dr. Murphree, if the Court will let you, I 
wonder if you would mark on this flow plan letters or 
numbers to indicate the part that you refer to in explaining 
how it works. 

• • • 

[Tr. p. 51] The Witness: All right, sir., 

Vt Well, I think it would simplify the discussion if 

we forget the equipment that is down at the bottom 
of this sheet below this point here, that simply has 
to do with the preparation of oil vapor and oil stor- 
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age, and also most of the equipment to the far right 
of the sheet 

Now, the point where the oil comes in and meets 
a stream of catalyst which has been regenerated is 
the point I am going to mark on this sheet, and, 
Jndge, that is right at this point here. Now from 
there the catalyst is carried by the oil vapor through 
this coil on the large coil on the right-hand side of 
the sheet, which I will call “B’’. Now, that serves 
as the cracking reactor. 

The cracked products and the catalyst leave that 
coil and go to a hopper which is the one on the left 
of these two vertical hoppers which I will mark 
That is riiis hopper here. 

Now, the catalyst and the cracked oil vapor are 
separated by means of a cyclone separator. The 
catalyst drops down into the hopper and the cracked 
oil vapor goes on to the right of the sheet to recov¬ 
ery equipment—^let’s say it leaves the catalytic 
equipment proper in line “D**, this line here. 

Now, taking up the flow of the catalyst, it comes 
down this hopper, you notice the hopi)er is provided 
with bafBe plates, that is hopper “C”, the catalyst 
is there stripped [Tr. p. 52] with steam or inert gas 
to remove the oil vapors, and then passed down 
through feeding devices into this compression screw 
which I will mark where the catalyst is picked 
up with an air stream and then caried in suspension 
through a whole series of coils on the upper left 
which comprise the regeneration sjrstem, and I will 
call that whole collection of coils 

Q. How many individual series of -coils are there in 
that coUectionT A. Well, I will count them. There is a 
total of 8 coils. Now, the reason it was necessary to use 
so many, what you mi^t caU, separate coils was that the 
flow of catalyst and air was progressive, there w^ little 


I 




Eger Vaughn Murphree—For Plaintiff—Direct 

or no back mixing of oil to air and the catalyst, so if yon 
started to bnm, the heat liberated continned right along 
that particular mass of catalyst in which the burning oc¬ 
curred and you could get, if you put too much air in at any 
one time, you would get excessive temperatures; so, to take 
care of that point, the air was introduced at different points 
through this coil system so that the amount of heat evolved 
in any one coil was not too great and there were furnaces 
or coolers, actually, for adjusting temperature in between 
separate coils. 

Q. Now, you say .that this 100-barrel per day unit was 
[Tr. p. 53] completed and operated substantially as shown 
in Plaintiff’s Exhibit No. 3, in the spring of 1939? A. Yes, 
that is right, sir. Could I just finish the flow on this? 

Q. I beg your pardon. A. I had gotten the catalyst and 
air, which by now are flue gases, through this system of 
coils and then it goes to the hopper on the right, the hopper 
system on the right which I will mark “G”. The catalyst 
is separated from the flue gas in cyclone separators, the 
fluid gas leaves in line “H”, that is this line here. Judge, 
and goes on out. The regenerated catalyst goes through 
this bafiSe hopper where residual flue gas is stripped from 
the^kt^yst, through the lower hopper through a feeding 
device ba?5k into the oil stream at point “A”. 

Q. Now, at what velocity did the oil vapor flow through 
the reactor coil in this apparatus? A. The velocity 
was in the range of 10 to 20 feet a second, different veloci¬ 
ties were investigated. 

Q. What was the concentration of the catalyst powder 
in that coil? A. Well, it varied somewhat in different coils, 
but the general range was from 0.5 to 1.5 pounds per cubic 
foot and the density of the catalyst was about 150 pounds 
per cubic foot, so if you wanted to put it in percent of 
volume [Tr. p. 54] of the gas or oil vapor, it was from 
three-tenths to about 1 percent 
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Q. That is the volume of the solid was from three- 
tenths to 1 percent of the total volume of the reactor? A. 
Total volume of the? 

Q. Reactor coil. A. Yes, that is correct. 

Q. Well, what were the results of operation of this 100- 
barrel plant? By the way, that is what you call a pilot 
plant? A. That was what we called a pilot plant. We try 
to build pilot plants big enough to get engineering informa¬ 
tion for large scale plant design and also to demonstrate 
mechanical features. The restdts we obtained were some¬ 
what disappointing. Before we built this pilot plant, we 
had had a good deal of smaller unit operations in the labora¬ 
tory and we found, somewhat to our dismay, that we did 
not get the conversion of oil or the regeneration of catalyst 
in the pilot plant that we would have expected from our 
small scale results, and we finally concluded that there are 
some factors in a small scale result that are misleading, and 
that we needed much bigger reactor volume and much 
bigger regeneration volume than we had expected. 

Also, we found that due to the fact that we needed larger 
volumes of reactor and regeneration zones, that the [Tr. p. 
553 pressure drops, that is, we had to make the zones 
longer and that meant that we had higher pressure drops 
through the reactor system and through the regeneration 
i^stem than we expected and this lead to difficulties in 
transferring the catalyst, that is, the catalyst was going 
through the cracking system, then through the regeneration 
system, and at some point we had to make up the pressure 
drop by pushing the catalyst through a zone of pressure 
differential and the more friction drop we had, the bigger 
the pressure differential, we had to push the catalyst 
through at some one point and this gave us a lot of trouble. 

Q. Nevertheless, did you proceed to the designing of full 
plant scale apparatus of this same coil type? A. Well, we 
were anxious to get a commercial unit as soon as we could 
and about the time we started our pilot plant, the 100-barrel 
per day pilot plant work, or even before, we were designing 
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a large plant of about 12,000 barrels per calendar day oil 
cracking capacity with the thought that as we got more 
experience from our pilot plant work, we would modify 
the design as necessary. 

Q. Now, based upon your experience in that connection, 
can you teil me what was the length of the coil that you 
designed for the reactor section of this plant scale ap¬ 
paratus? A. Well, based on our 100 barrels per day pilot 
plant [Tr. p. 56] result, we felt we needed a length of 
about 400 feet of pipe, that would be 5 to 6-foot diameter 
pipe. 

Q. 400 feet long? A. For the reactor section. 

Q. And the regenerator section, corresponding to the 
eight separate parts that you have marked on Plain¬ 
tiff’s Exhibit No. 3, how long did you calculate that that 
would have to be in order to serve your purpose ? A. Well, 
we estimated again from 100-barrel per day pilot plant 
results, that it would take about 2,000 feet of length of 
pipe, the size of pipe would vary from about 2^ feet to 6 
feet in diameter. That seemed a little long to us, for com¬ 
mercial equipment. 

Q. And did you ever actually construct such a full scale 
plant unit? A. No, we gave it up. We decided that it was 
—I will put it this way: We, at that time, had a better 
alternate. If we didn’t have one, we probably would have 
continued, but we thought we had a better way of going at 
it, so we gave up this coil type plant. 

Q. While you were engaged in this development that 
eventually came to nothing, were you familiar with the Odell 
patent that defendant’s attorney has referred to? A. Yes, 
I was familiar with it. 

Q. Will you briefly describe from your recollection [Tr. 
p. 57] the type of process that was taught in the Odell 
patent? A. My recollection is that the Odell patent cov¬ 
ered an operation of blowing a gas or vapor stream through 
a bed of catalyst, essentially of uniform size, imder condi- 
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tions where the gas velocity was not great enough to carry 
any of the particles out of the vessel, due to entrainmer.tic 

Q. It was not gre^t enough to carry any of them out? 
A. Any of them out, due to entrainment. I think that is one 
of the limitations Mr. Odell had in the process, that it should 
not be at that high a velocity so all the solids would stay in 
the vesseL But the velocity would be high enough to make 
the catalyst particles somewhat mobile, that is, they were 
sort of suspended in the gas but not at a high enough 
velocity, the gas velocity was not high enough to take the 
particles out of the vesseL 

Q. Did you seriously consider developing that type of 
process? A. We gave some thought to it, perhaps from 
two standpoints. One was it seemed to us that the invention 
was largely concerned with larger size particles than we 
thought could be readily transferred by pneumatic or air 
conveyor means, and if we used the larger particles, we 
had gained very little advantage over the fixed bed design 
we originally started with, because since we would not be 
able to move our catalyst conveniently, we would have to 
do [Tr. p. 583 cracking and regeneration in the same 
vesseL It was what we were trying to get away from. 

Q. That would necessitate a discontinuous vapor 
stream? A. Yes, also the other alternate was to try to 
use smaller particles which was somewhat away from 
Odell’s teachings, perhaps, but there we were afraid that 
in order to prevent entrainment of particles from the vessel 
with the size material we were thinking of using, the veloci¬ 
ties we would have to use would be very low and lead to 
vessels of very large diameter. 

Q. Are you acquainted with Dr. Warren K. Lewis and 
Dr. E. R. Gilliland, whose patent application is before the 
Court in this proceeding? A. Yes, I am. I have known 
both Dr. Lewis and Dr. Gilliland for a good many years 
and they have been consultants for the Standard OU De¬ 
velopment Company for a good many years. 
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Q. Did yon discuss with them your problems in cdnnec- 
fu nwith the development of catalytic cracking? A. Yes, 
we discussed our problems with them, particularly with 
Dr. Lewis. 

Q. And did you ask them to carry out any independent 
investigations concerning the matter of gas and solid mix¬ 
tures? [Tr. p. 59] A. Yes, in connection with this dust 
type or dispersed phase type pilot plant, we thought we 
should know more about the flow properties of powders 
suspended in gases and we asked Dr. Lewis if he wouldn’t 
make a study of that. 

Q. And did they do so and give you a report of their 
conclusions? A. Yes, they did. 

Q. Now, was there anything in this report that was sur¬ 
prising or startling to you in the light of your prior knowl¬ 
edge and experience? A. The results were very surprising 
to us. We thought we knew something about the physical 
laws back of the carrying power of the gases for solids, that 
is, the concentrations of solids you could expect to get 
particularly in upflowing gases and we were quite surprised 
that as dense a catalyst bed could be obtained as Dr. Lewis 
obtained at relatively high velocities and at the same time 
of a very turbulent bed, that was one thing that surprised 
us. 

Another factor in it was that using the principle that 
Dr. Lewis developed, we could get adequate contacting of 
gases and solids, that is, we could get enough solids in a 
vessel of modest size to give us the degree of contacting 
we needed in order to get the degree of catalytic cracking 
that we wanted to have in our operations. 

Q. When was it that you got this information from Dr. 
[Tr. p. 60] Lewis? A. In the spring of 1939. 

Mr. Kenyon: Your Honor, I point out again that 
the application we are relying on here is a division, 
a true division of an original application filed by 
Dr. Lewis and Dr. Gilliland January 3, 1940. 
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By Mr. Kenyon: 

Q. Now, did you consider that these investigations of 
Dr. Lewis and Dr. Gilliland offered any important new 
light on the subject that you were working on? A. Well, 
it offered a solution to a lot of our problems. As I say, the 
results, themselves, were very surprising to us. We 
wouldn^t have thought with the velocities Dr. Lewis used 
that you could obtain the concentration of powder in a 
vessel that was obtained. 

Now, it had somewhat additional advantages to us, that 
is, it used material relatively fine in size and of a size that 
we could readily transfer by pneumatic means, which was 
quite important because we wanted to be able to move 
catalyst from one vessel to a second vessel in a type of air 
conveying system, so that was very important to us. 

And equally important was the fact that we could get 
the degree of contact of catalyst and oil vapor for cracking 
and catalyst and air for regeneration that we required 
with a very low pressure drop through the system, and 
that meant [Tr. p. 61] the problem of moving catalyst 
from one vessel to another was greatly simplified. 

Q. When was it that you decided to abandon the coil 
type and proceed with the development of the Lewis and 
Gilliland type? A. We decided to abandon the coil type 
and proceed with the development of Lewis and Gilliland 
type in May, 1940. 

Q. And what did you do as a result of that decision? 
A. We immediately started reconstructing our 100-barrel 
per day catalytic cracking pilot plant and the construction 
at that plant was completed in August, 1940. 

Q. Have you a flow plan of the hundred barrel plant 
after this modification had been made? A. Yes, I do. 

Mr. Kenyon: I offer this flow plan in evidence, 
if the Court please, as Plaintiff’s Exhibit No. 4. 

The Court: Received. 
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(Flow plan of 100 B/D Fluid Catalyst Unit was 
marked Plaintiff’s Exhibit No. 4 and received in 
evidence.) 

By Mr. Kenyon: 

Q. Now, would yon point out to the Court, Dr. Mnr- 
pbree, wherein this differs from the coil type installation 
that had preceded it! [Tr. p. 62] A. Well, the major point 
of difference was that we used relatively short reactors 
and regenerators in place of very long coils for carrying 
out the cracking and regeneration operations, and also 
the system, as I say, had a lower pressure drop. 

Did you wish me to go through the flow plan! 

Q. I think it will be unnecessary to go through the flow 
plan, but you might point out the reactor. A. Well, the 
reactor is the vessel on the lower right which I will mark 
with the letter “A”. 

Q. And that takes the place of the long coil reactor 
“B” that you referred to in the earlier device! A. That 
is correct, sir. 

Q. Now, where is the regenerator, will you point that 
out! A. The regenerator is a somewhat similar appearing 
vessel on the lower left that I will mark as “B”. 

Q. And what does that take the place of in the coil type 
device! A. That took' the place of the collection of eight 
coils, I believe it was, that we labelled “F” on the previ¬ 
ous flow plan. 

Q. So far as the circuit, the flow of the vapors and the 
catalyst is concerned, that remained substantially the same, 
did it! [Tr. p. 63] A. That is correct, sir. 

Q. You reached your decision to make this change in 
May of 1940, you say! A. That is correct, sir. 

Q. How long did it take you to actually make the 
changes! A. Well, we made the changes and got the 
modified plant in operation in August, 1940, so that would 
be May, June, July, say three months. 
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Q. Were yon nnder any particular stress to carry this 
work forward at that tiinef A. Yes, we were nnder very 
considerable stress, one factor was the one I mentioned of 
the critical competitive situation and we were naturally 
anxious to get a process in operation as soon as we could. 
Another factor that had come in since our work started, 
was at that time there appeared to be there was going to 
be a war and that the materials this plant could produce 
by cracking of oil would be very useful for high octane 
aviation gasoline and for synthetic rubber, so from both 
those standpoints we were anxious to get a commercial 
plant going as soon as we could. 

Q. Then this plant was actually altered and put into 
operation in modified form by August, 1940. How did it 
work? A. It worked fine right from the start. It was just 
[Tr. p. 643 one of those things, as soon as you ran it, you 
knew it was what you were lookmg for. 

Q. Now, looking at Plaintiff’s Exhibit No. 4, the flow 
plan of this modified 100-barrel plant, will you tell me what 
was the velocity of the vapors flowing upwardly through 
the reactor at the right, which you have lettered *‘A”? 
A. The average velocity in the reactor was from 2 to 2.3 
feet per second. 

Q. What was the concentration of catalyst in that 
vessel? A. About 12 pounds per cubic foot, which would 
correspond to about 8 percent by volume. 

Q. Now, referring to the regenerator which you have 
marked “B”, what was the velocity of the gases flowing 
upwardly through that vessel? A. Two feet per second. 

Q. And the concentration of the catalyst in the re¬ 
generator? A. It was about the same as for the reactor, 
namely, about 12 pounds per cubic foot or 8 percent by 
volume. 

Q. Can you describe the particle sizes of the catalyst 
that you used in this device? A. Well, I am afraid I may 
be confusing in my units, but I will tell it as we specified 
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and maybe try to translate it: [Tr. p. 65J Onr specification 
for catalysts was that they should be no more than 10 per¬ 
cent smaller than 20 microns. Now, a micron is a thousandth 
of a millimeter, if that helps any. And our specification 
also includes that not over 10 percent of the catalyst should 
be greater than 80 microns in size. 

Q. So that is very fine material? A. It is very fine 
material. 

Q. Can you give some translation of that in terms of 
mesh? A Well, I can give it this way: 100 mesh is about 
150 microns, so our specifications called for catalysts that, 
on the whole, would go almost in all entirety through 100 
mesh. Now, 400 mesh is 37 microns, and so a certain 
amount of our catalysts would go through 400 mesh. 

Q. Now, in the operation of the 100-barrel per day plant 
as illustrated in Plaintiff ^s Exhibit No. 4, what would have 
happened to that catalyst powder in the reactor if the flow 
of oil vapors had continued, but the feed of catalyst had 
been cut off? A. Well, the reactor would have substantially 
emptied itself. There would be only a few percent of 
catalyst left, depending especially on how much larger 
material might be there, I would guess somewhere, maybe, 
5 or 6 per cent left. 

• • • 

[Tr. p. 663 Q- You were talking about the 100-barrel 
per day unit with the Lewis and Gilliland operation. In 
that device, did the oil and catalyst enter the reactor 
through a restricted orifice at the bottom? A. Yes, sir, 
they did- They entered through a distributor plate which 
is a restricted cross-section compared to the reactor. 

Q. How about the regenerator? A. Same applies to the 
regenerator. 

Q. How would you describe the oil catalyst mixture 
in the reactor in that operation? A. Well, there was a very 
dense turbulent mixture of oil and catalyst, oil vapor and 
catalyst in the reactor, and the density, as I said earlier, 
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was about 12 pounds per cubic foot. In looking at these 
glass models of the equipment, you would get the impres¬ 
sion the agitation was very violent and that the catalyst 
was being rapidly [Tr. p. 67] removed from the bottom 
to the top and the reverse. 

Q. Movement of particles rapidly through the bed? A. 
That is right, sir. 

Q. Now, what was removed from the top of the reactor 
in the operation? A. Well, from the top of the reactor was 
removed a stream of cracked oil vapor and catalyst. 

Q. And was there any segregation of catalyst in the 
portion thus removed? A. As far as we could tell, the 
catalyst coming out of the top was of the same size range 
as the catalyst in the reactor, there was no segregation. 

Q. How did the results of operation of this modified 
device compare with the results of that same device when 
it had been equipped with the coil type reactor and re¬ 
generator that you previously described? A. Well, we got 
a mudb higher degree of cracking in the modified operation 
due to the fact that we had a better contact of oil vapor 
and catalyst due to the dense catalyst bed and that, of 
course, was very important. 

Now, another thing we found was that the temperature 
in the reactor was essentially uniform throughout the dense 
bed and, that is, a good enough mixing of catalyst from 
top to bottom so that the catalyst, itself, the movement of 
catalyst equalized the temperature and that was in contrast 
[Tr. p. 68] to the coil reactor where there would be a tem¬ 
perature drop due to the fact that cracking absorbs heat 
and there would be a temperature gradient in the reactor 
in the coil case. We also found that the pressure drop was 
quite low in the Lewis and Gilliland type of reactor. 

Q. And what practical difference did that make? A. 
Well, that made the problem of transfer of catalyst be¬ 
tween the cracking and regeneration zones much easier 
because of the low pressure drop. I will say that, as I 
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mentioned earlier, the unit worked fine right from the start 
We had a nnmber of visitors there and whenever they saw 
it the first time, they all expressed their amazement that it 
wotild work. 

Q. Now, in light of your experience with this Lewis and 
Gilliland apparatus, what decision did you make with 
respect to the large commercial plant that you were design¬ 
ing at that time? A. We decided to abandon that design 
and work up new designs incorporating the Lewis and 
Gilliland principles. 

Q. And, did you entirely abandon the dust or coil type 
process? A. Yes, we abandoned it entirely, we didn’t do 
any further work on it. 

Q. Have you made an investigation to determine what 
it cost the Standard Oil Development Company to bring 
its research on the catalytic cracking up to the point where 
it [Tr. p. 69] was decided to abandon the dust type process 
in May of 1940? A. We had looked up the figures on that 
and it was roughly a little over $3 million up to the time 
we decided to discontinue the coil type operation. 

Q. And how many men had been at work under your 
direction on that abandoned process? A. Well, there was 
somewhat over a million man-hours altogether and during 
the years of 1937, 1938, and 1939, we had an average of 
about 150 men working on the catalytic cracking develop¬ 
ment That was roughly at that time about 24 percent of 
our research and development staff. 

Q. Now, following the successful operation of the 100- 
barrel unit as modified to incorporate the Lewis and Gilli¬ 
land conditions, did the Standard Oil Development Com¬ 
pany undertake the design of full plant scale catalytic 
cracking units based on that same type of operation? A. 
Yes, we did. 

Q. Have you a blueprint that illustrates the large plant 
scale units that were designed for that purpose? A. Yes, 
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Mr. Kenyon: I offer this blneprint in evidence 
as Plaintiff’s Exhibit No. 5. This blueprint is iden¬ 
tified as Standard Oil Development Company Draw¬ 
ing F-218. 

The Court: Received. 

[Tr. p. 70] (Standard Oil Development Com¬ 
pany Drawing F-218 was marked Plaintiff’s Exhibit 
No. 5 and received in evidence.) 

By Mr. Kenyon: 

Q. Now, Dr. Murphree, I will ask you to refer to the 
reprint of the Lewis and Gilliland application and par¬ 
ticularly to Claim 33, which appears on page 22 of that 
document, and point out to the Court where each element 
of that claim is embodied in the process which was em¬ 
ployed in plants built according to this blueprint F-218. 

• • • 

A Well, first, this is a flow sheet of the design of a com¬ 
mercial plant for cracking of about 15,500 barrels per day, 
per stream day of oiL The major feature of the plan is a 
reactor vessel here, the lower of the two vessels is the 
reactor vessel and the upper of the two main vessels is 
the regeneration vessel 
Now, Claim 33 says: 

“In a process for contacting a gasiform material 
and a finely divided solid the improvement which 
comprises”- 

and this is a flow sheet of a process for contacting gasiform 
material and finely divided solids- 

“passing gasiform material upwardly at a velocity 
£Tr. p. 71] between about 0.3 and about 2.3 feet per 
second — 
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in both the reactor vessel, the lower vessel, and the regen¬ 
eration vessel gasiform material was passed upwardly at 
a velocity of 1.5 feet per second. 

Next, is: 

“through a dense body of said solids constituting 
a contacting zone’^- 

the oil vapor in the reactor and the air in the regenerator 
went through a dense bed of solids constituting a contacting 
zone. 

The solids size is specified as follows: 

“in which said solids are present in particles of 
different sizes, the largest of which are not larger 
than about 10 mesh, which includes particles between 
200 and 400 mesh and the major portion of which 
passes 100 mesh’’- 

All these conditions as to particle size in both the reactor 
and the regenerator were met. 

The next feature of the claim is: 

‘ ‘ said gasiform material being introduced into said 
zone through an entrance of more restricted cross 
sectional area than said contacting zone”- 

In both the reactor and the regenerator, there is a distri¬ 
butor plate consisting of a plate with circular holes [Tr. 
p. 72J in it and the cross section area of the circular holes 
was much less than the cross section area of either the 
reactor or the regenerator. 

Q. Will you spell the name of that plate? A. It was a 
perforated plate having circular holes. 

Q. You called it by some name. A Distributor plate. 

Q. Will you point to that in the drawing? A WeU, the 
distributor plate for the reactor is the top of this conical 
arrangement going into the bottom of the reactor, this 
plate here. 
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Q. Just above where it says 45 degrees? A. That is 
right, sir. And the distributor plate in the regenerator is 
the plate indicated just above where it says ‘*26 inch Spare 
Nozzle”, the perforated plate which goes across the bottom 
of the regenerator. 

The next feature of the claim is: 

“continuously removing gasiform material from 
the upper end of said zone”- 

That is true in both the reactor and the regenerator. There 
was gasiform material leaving the dense bed in the reactor 
and the regenerator. 

The next feature of the claim is: 

“continuously removing solids together with gasi¬ 
form material from the upper end of said zone”- 

[Tr. p. 73] That was true of both the reactor and the 
regenerator. In the case of the reactor the cracked oil. 
vapor leaving the dense bed carried with it catalyst and 
in the regenerator the flue gas leaving the top of the dense 
bed carries with it catalyst. That catalyst was separated 
in the cyclone separator in the top of each vessel and the 
bulk returned back to the vesseL 
The next feature of the claim is: 

“and continuously introducing finely divided 
solids directly into said zone at a rate sufficient to 
replace solids removed therefrom and maintain said 
dense body as a highly turbulent mixture of finely 
divided solids and gasiform material containing at 
least 6.6 per cent by volume of said solids”- 

The solids were introduced in two ways into these vessels, 
one I mentioned was the catalyst separator, the catalyst 
from the cyclone separator in both the reactor and regen¬ 
erator came back into the contacting zone, , and the second 
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method of introducing solids was in the oil vapor going 
through the reactor and in the air going to the regenerator, 
they carried solids, solids were introduced in those two 
streams and solids were carried into the vessel 

There was a dense highly turbulent mixture of finely 
divided solids in each vessel The concentration of solids 
is about 15 pounds per cubic foot in both the reactor and 
the [Tr. p. 74] regenerator, which is about 10 percent by 
volume. I should point out the rate of addition of solids 
was such as to replace any solids that were carried out in 
the vessel 

The final feature of tbe claim is: 

“the minimum velocity of gasiform material em¬ 
ployed within the range given being that suiBBcient 
substantially to empty said contacting zone of solids 
in the absence of continuous solids feed to said zone.? 

That condition was met. If the solids feed was stopped, 
the vessels would have been substantially emptied with the 
velocities used. 

Q. Now, have catalytic cracking units been constructed 
essentially in accordance with this drawing P-218? A. Yes, 
they have. 

Q. How many such catalytic cracking units? A. Ap¬ 
proximately 60. 

Q. And what is the approximate capacity of those units? 
A. At the end of 1949, the capacity was somewhat over 
900,000 barrels per day of oil charge capacity and by the 
end of this year, we expect to be somewhat over one mil¬ 
lion barrels per day of oil charge capacity. 

Q. Have you a chart indicating the rate of growth of 
the capacity of these plants over the years? [Tr. p. 75] A. 
Yes, sir, I have such a chart." 

Mr. Kenyon: I offer that chart in evidence as 
Plaintiff’s Exhibit No. 6. . 

The Court: Beceived. 
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(Chart of Charge Capacity of Domestic Fluid 
Catalyst Cracking Plants was marked Plaintiff ^s Ex¬ 
hibit No. 6 and received in evidence.) 

By Mr. Kenyon: 

Q. Was the story of the development of the fluid cata¬ 
lytic cracking process described in a copy of “The Lamp’^ 
that is the publication of the Standard Oil Company of New 
Jersey? A Yes, sir, there was such an article published. 

Q. Is this the article, appearing in June, 1944? A Yes, 
sir, that is the article. 

[Tr. p. 76] (Photostats of pages 7, 8, and 9 of 
The Lamp, June 1944, were marked Plaintiff ^s Ex¬ 
hibit No. 7 and received in evidence.) 

• • • 

[Tr. p. 77] Q. Is this process limited in utility to the 
field of catalytic cracking? A Well, we think that the 
technique has application to all types of operations that 
involve contacting finely divided solids with gases or 
vapors, that is, we think it has very broad application. 

Q. Are there any particular ones that you care to men¬ 
tion? A Yes, I could mention a few. We are interested 
ourselves right now in developing a method for improving 
the octane number of the gasoline as it occurs in crude oil, 
a catalytic method which we* call hydro-forming. It in¬ 
volves contacting the gasoline fractions in crude oil with 
the catalyst in the presence of hydrogen to improve its 
octane number. That operation has been carried out in 
a fixed bed type of equipment and we now are building a 
large pilot plant to try it out using the fluidized solids tech¬ 
nique, which is the technique we are discussing here. 

Another application is the catalytic desulphurization, 
where oil vapor is contacted with the catalyst in much the 
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same way as catalytic cracking and the purpose is to remove 
sulphur from the oil products, and that has been quite suc¬ 
cessful. 

[Tr. p. 78] Still another application is in the manu¬ 
facture of synthetic fuels from hydrogen and carlwn mon¬ 
oxide made either from coal or natural gas, and the appli¬ 
cation of the fluidized solids technique there, offers one 
very major advantage and that is the saving in heat trans¬ 
fer surface. In this dense turbulent catalyst bed, you have 
such a high degree of turbulence that heat can be trans¬ 
ferred very readily through cooling or heating surfaces and 
the use of a fluidized bed instead of a stationary mass of 
catalyst enables you to take heat out much more readily and 
it is possible to reduce the heat transfer surface as the 
number of cooling tubes, in the reaction for converting 
hydrogen carbon monoxide into oil products, by about one 
hundredfold and that technique is now being applied in the 
really first commercial synthetic fuel plant in the United 
States, a plant being built at Brownsville, Texas, at a cost 
of about $40 million. 

Other applications are for coal gasification, we have car¬ 
ried out large-scale pilot plant work on gasifying coal using 
the fluidized solids technique. We carried out that work 
in cooperation with Pittsburgh Consolidation Coal Com¬ 
pany and spent about $2 million on the work so far. 

Another process that we think the technique will have 
application to, is reduction of ores, particularly iron ore 
to metallic iron. We also think the technique will be useful 
in burning limestone, finely crushed limestone, to [Tr. p. 
79] lime, and we think there are numerous other applica¬ 
tions. 

Q. Now, in giving that summary, did you have in mind 
the velocity limitations, the particle size limitations, and the 
concentration limitation of the claim? A. Yes, sir, I did. 

Q. And in each of them, these limitations as indicated in 
the claim are either used, or contemplated to be, in the 
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work to be done? A. Onr considerations have been within 
those limits. 

Mr. Kenyon: Yonr witness. 

Cross-examination hy Mr. Moore: 

« 

Q. In connection with this competitive situation, with 
respect to competitors yon did not identify, wasn’t there 
some consideration given to the patent situation? A. Yes, 
we looked very hard at the patent situation. 

Q. You mentioned that Houdry was an inventor? A. 
Yes, sir. 

Q. He had brought certain processes to this country? 
A. That is right. 

Q. And there was a patent situation connected with those 
inventions, right? A. Well, I think in patent situations, 
you have got to get into details. I mean, I think you could 
say Houdry pushed the idea and he had certain patents. 
Now, whether he [Tr. p. 80J had broad patent coverage is 
another thing. 

Q. Now, there was a patent situation involved in con¬ 
nection with your competition with these competitors that 
you have not identified? A. Houdry had certain patents on 
a fixed bed type of operation, yes, sir. 

Q. And you have at the Standard Oil Development 
Company a Patent Department, don’t you? A. Yes, sir. 

Q. You have a large Patent Department? A. Well, I 
don’t know. We have a fair-sized—^we have, I ^ess, 20, 
25 attorneys. 

Q. And those men in that Patent Department were 
available to you for consultation, weren’t they? A. Yes. 

Q. And you could have consulted them about this Odell 
patent that you mentioned, couldn’t you? A. Well, we did 
consult them about it. 

Mr. Moore: That is alL 

Mr. Kenyon: No redirect 
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[Tr. p. 81] Wasrez? EL Lewis, called as a witness for and 
on behalf of the plaintiff and, being first duly sworn, was 
examined and testified as follows: 

Direct examination hy Mr, Kenyon: 

Q. Are yon the Warren EL Lewis who is named as one 
of the inventors of the application serial No. 544,896, which 
is involved in this proceeding? A. I am. 

Q. Now, at the time that yon made the invention de¬ 
scribed in this application, what was your occupation? A. 
I am a chemical engineer, a Professor of Chemical En¬ 
gineering at the Massachusetts Institute of Technology. 

Q. Is that what we have been referring to as M. L T. 
here? A. Yes, sir. 

Q. How long had you been a professor at M. I. T.? A. 
Twenty-nine years. 

Q. That is up to date? A. No, at that time. 

Q. Where did you receive your education? A I re¬ 
ceived my Bachelor’s degree at the Institute, I received 
the degree of Doctor of Philosophy in Physical Chemistry 
at the University of Breslau, Germany. 

[Tr. p. 82] Q. Now, in order to shorten this, I wonder 
if I might read a statement and ask the witness whether 
or not it is true: 

Dr. Lewis, you are a member of the American Chemical 
Society, of the American Institute of Chemical Engineers, 
and the American Institute of Mining and Metallurgical 
Engineers, of the American Society of Engineering Educa¬ 
tion, an honorary member of the Britidi Institution of 
Chemical Engineers, of the Massachusetts Society Of Pro¬ 
fessional Engineers, of the American Academy of Arts and 
Sciences, and of the National Academy of Science. You 
are a holder of the Perkins medal awarded yearly by 
the American Section of the British Society of Chemical 
Industry, you were awarded the Priestley medal of the 
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American Chemical Society in 1947 for achievements in 
chemistry. A. That is correct 

Q. Who is Edwin E. Gilliland, named as the other joint 
inventor t A. Dr. Gilliland is an associate of mine, a 
Professor of Chemical Engineering at the Institute. He 
has been on the faculty some 12 or 14 years. During the 
war he was Assistant Eubber Director in the Eubber Direc¬ 
tor’s office in charge of all technical phases of the Eubber 
Director’s work. He acted shortly after the war for a short 
period of time as Deputy Dean of Engineering at the Insti¬ 
tute. He is a member [Tr. p. 83] of the American Academy 
of Arts and Sciences and the National Academy of Sciences. 

Q. Now, coming down to the subject matter of this suit, 
to what art does the invention belong which we are con¬ 
cerned with here? A. It belongs to the art of contracting 
gases or vapors and finely divided solids, subdivided 
solids particularly, to that phase of the broad art which 
deals with effecting the contact in a rising stream of gas 
under conditions that keep the solids in more or less motion. 

Q. Now, under what circumstances was this invention 
made, how did it come to be made? A. Both Dr. Gilliland 
and I have done consulting work for the Development Com¬ 
pany for many years, and we were in touch with the 
situation described by Mr. Murphree, owing to which it was 
extremely desirable to develop an improved process for 
catalytic cracking of hydrocarbons. We were called into 
conferences on the character of the problem and as a result 
of those conferences, we were asked to undertake certain 
experimental work in connection with the program. 

Q. Well, what type of catalytic process was the Stand¬ 
ard Oil Development Company working on and what was 
your starting point? A. The starting point for this work 
was the work of the company referred to by Mr. Murphree 
on bringing the solid [Tr. p. 84] catalyst in finely sub¬ 
divided form into contact with the gas in an elongated re¬ 
actor, a long coiL We were in the discussions over a very 
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considerable portion oi the time and at one time vertical 
coils were being considered, at other times horizontal 
vessels. But it was in connection with that, that we first 
got into the work and at that time the thinking of the com¬ 
pany was along the lines of using high gas velocities and 
allowing the powder to travel throngh the coil nnder those 
conditions in contact with the gas. 

Q. Was there knowledge at that time of systems in 
whi<^ gaseous material was contacted with finely divided 
solids? A. Yes, there was a great deal of background of 
knowledge in the field and two major systems, both of 
which belong in this narrow field that I mentioned at the 
start, were known. 

In the first, the gas rises through a bed of the solid 
particles under conditions that convert it into a sort of 
quicksand, the surface of which is agitated and looks like 
a boiling liquid, but in whidi the gas velocity is such that 
the solid particles are not carried up, far up with the gas. 

There was another type of operations in whidi the gas 
velocity was high enough so that the solids were carried 
along with the gas at high velocities. 

Q. For simplidty, we have referred to these two 
[Tr. p. 85J distinct types of operation as Begime 1 and 
Begime 2, Begime 1 meaning the first type that you referred 
to, and Begime 2, the second. 

Now, in whidi of these types of operation was the 
Standard Oil Development Company interested when they 
consulted you? A. They were worling along the line of 
Begime 2. 

Q. That is the dispersed phase? A. The dispersed 
phase system with high gas velodties. 

Q. Do you know why they were interested in that? A. 
They had dedded that that was the most promising field 
in which to work for various reasons. In the first place, 
they were familiar with the 'Winkler operation that had 
been used in Germany. They knew its merits and its limi- 
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tations and on account of its limitations, they were con¬ 
vinced that it was poorly suited for the purpose they had 
in mind. 

Q. Just let me interrupt you there, you spoke of the 
Winkler operation. That is the subject matter of, one or 
two of the patents here, and in which regime would you 
place the Winkler operation? A. The Winkler operation 
is in Begime 1. 

Q. So it is to get away from the disadvantages of that, 
that you Chink they were interested in Begime 2? A. That 
is true. 

Q. Now, what are the disadvantages of Begime 1, the 
[Tr. p. 8^ Winkler type? A. In Begime 1, one must 
choose between either low gas velocities up through tihe bed 
of solid particles, or the use of coarse particles. Now, low 
gas velocity means that we can only put a small amount 
of the vapor being treated through the bed. Therefore, 
that means that we have low capacity of the operation, that 
is an extraordinarily serious disadvantage and limitation. 
Large particle size in the bed is undesirable for catalytic 
reactions or for chemical reactions between the solid and 
gas, because in coarse particles one has only a limited 
amoxmt of surface per unit weight of particles, per unit 
weight of solids, and it is the surface, the outer surface of 
the grains that is most active and we want to increase that 
outer surface as much as possible, and the way that it is 
most commonly used is to use the solid in extremely finely 
subdivided form, that gives us the very great advantage of 
greatly enhanced surface. 

The Court: What is the composition of this 
solid that is used? 

The Witness: In this case, clay, a special type of 
clay, specially treated. Now, today we are able to 
synthesize, to prepare artifically, chemically, catalyst 
solids that are even better than clay, and today we 
use some of those synthetic solids which are really 
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artificial days, [Tr. p. 873 modified clays. At the 
time of this inventioii, the material on which we were 
working, focusing onr attention, was clay, a specially 
active clay. 

By Mr. Kenyon: 

Q. Yon were speaking of the disadvantages of the 
Regime 1, the Winkler type of operation, and yon had 
spoken of the velocity limitation, the particle size limita¬ 
tion. A. Which are interrelated. Granting, however, that 
one operates under the conditions of Begime 1, one does 
not get very active mixing in the bed and mixing in the bed 
is an extraordinarily desirable thing, if we can get it. It 
helps in temperature control particularly and it helps in 
the problems of feeding into the bed. 

Another disadvantage of that operation is the segrega¬ 
tion, the tendency of heavy large particles to settle to ^e 
bottom of the bed, the tendency of light finer particles to 
rise to the top and, if they are light enough, to be carried 
over with the gas. 

Those are some of the disadvantages of Begime L 

Q. What are the advantages of the second regime, the 
dispersed phase operation, over the first regime T A. The 
second regime has the very important advantage that it 
makes it possible for us to use finely divided sofids, finely 
divided solids work best in the second regime, they respond 
to the conditions of the second regime and that gives 
[Tr. p. 883 Tis a very great advantage. 

Another thing is that in the second regime one can use 
higher gas velocity, very high gas velocity, and that gives 
us large capacity per unit of cross section of the vessel, 
but not necessarily per unit of volume of vessel 

Q. Those advantages were the reason why the Standard 
Oil Development Company was working in that direction T 
A. That is true. 
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Q. Now, what are the disadvantages of this Begime 2? 
A. Regime 2, while it gives high capacity per unit cross 
section of the vessel through which the gas and solid are 
flowing, gives low capacity from a lengthwise point of view. 
The vessel has to be extremely long, as was mentioned this 
morning. They were talking about unit coils, tubes 2,000 
feet long. Now, that is four-tenths of a mile and that repre¬ 
sents a serious disadvantage. 

Another is that it is difficult under those conditions, 
difficult but not impossible, but very difficult, to maintain, 
to secure and maintain high concentrations of catalyst in 
the gas. Now, that is a desirable thing, lii some reactions, 
it is not, but in the reactions we were working on and in 
many, many more, that is an extremely desirable thing. 
It is difficult to secure that, almost impracticable to secure 
it, I can cut ont the ahnost, it is impracticable to secure 
high concentrations in Regime 2 by any of the methods that 
[Tr. p. 893 know, even today. 

Now, another thing, temperature control is poor in 
Begime 2, because if heat is evolved in the reaction or if 
heat has to be added to the reaction, you have a tendency 
to get changes in temperature, it may be a temperature rise 
or fall as the reaction proceeds, as the gas flows through 
the pipe and the control of temperature at the level at which 
you want it is a difficult thing. 

Q. What about the matter of the particle size in this 
Regime 2? A. In Regime 2, one always or almost always 
uses extremely fine particles. Coarse particles tend to give 
trouble wiHi erosion and a thousand and one other dif¬ 
ficulties, so in general we use fine powders which have the 
advantage of large surface areas, as we say. 

Q. And what about uniformity in size! A. If we don’t 
use particles of uniform size, we get into a serious dif¬ 
ficulty in Regime 2, in that in flowing through the vessel, 
through the tube, along with the gas, the coarse particles 
lag behind the fine. The coarse particles stay in the unit a 
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lot longer time than the hne particles. The fine particles, 
however, as 1 have indicated, are the ones that are most 
valuable, most active, they are the ones that we want to 
utilize to the best advants^ bnt those are blown through 
quickly, whereas the coarse ones whidi [Tr. p. 90] are the 
most desirable from the point of view of reaction, are the 
ones that lag behind and stay in the vessel for a long 
period of time. We would reidly like to have the reverse, 
if we could get it. 

Q. Now, will you indicate what you and Dr. Gilliland did 
in your study of this problemY A. There were.conferences 
and it was finally decided that experimental work was 
needed to determine the flow characteristics of Begime 2, 
using vertical up-flowing gases and powders. And it was 
decided that Br. Gilliland and I, up at the Institute, should 
do the work on that phase of the problem because we were 
set up to do it, and we did undertake this work. 

Now, we did not do any woric on catalytic cracking, as 
such. We Used the material in which Jersey was interested, 
this catalytic clay, fine catalytic clay. We used various 
gases, but they were used at room temperature, air, carbon 
dioxide, hydrogen, we used different types of equipment, 
we used steel tubes, we used glass tubes, we were studying 
the flow characteristics. We were interested in the prac¬ 
ticality of getting the feed rates that we would have: to 
have, of determining the friction, particularly the wall 
friction in the unit which we feared would be hig^ and 
getting the operating characteristics from a point of view 
of flow of these particles, these fine powders in gases. : 

[Tr. p. 91] Q. What, was your expectation as to. the 
results that you achieved in this experimental workt. A. 
We knew that we could operate under B^ime 2, there was 
no question about it, and the thing we were after was the 
data that would exiable us to design a plant to decide how w;e 
ought to work. We expected to secure reasonable concen¬ 
trations of powder in the flowing gas stream and we knew 
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we could secure them by using adequate powder feed rates 
and, on the other hand, the actual data was the thing that 
we needed to know. We didn’t know, for example, as I 
have already mentioned, what the effect of wall friction 
would be, that sort of thing. 

Q. What did you expect with respect to the ratio of the 
solid to gas in the contacting zone, as compared with the 
ratio of solid to gas in the bed? A. We expected the ratio 
of solid to gas in the contacting zone, in the reaction zone, 
in the bed, to be somewhat higher but just a little higher 
than the ratio of solid to gas in the feed, because these 
powders were fine and suspended in the gas. They travel 
not quite as rapidly as the gas itself, but almost. 

Q. Well, now, how did you happen to make the invention 
in suit, you and Dr. Gilliland'? A. When we started to get 
the data, we had initially a lot of trouble getting workable 
feed devices and what will [Tr. p. 92] you, but when we 
got these operating conditions set up so that our gas and 
powder were flowing through the units smoothly and suc¬ 
cessfully, we were very much surprised to find that under 
proper conditions of flow we secured extraordinarily high 
powder concentrations in the uprising stream of gas. 

Q. How did that concentration in the uprising stream 
compare with the ratio of solid to gas in your feed? A. It 
was very much higher. 

Q. What did this give rise to with respect to the amount 
of contact surface available in the reactor? A. The fact 
that we could maintain a large amount of catalyst clay in the 
reaction zone meant that our reactions would be faster, our 
units could be made smaller, our capacities would be greater. 
It was exactly what we knew we needed to get a successful 
continuous operation. 

Q. And what velocity were you working with here, what 
velocity did you choose to achieve this type of density? A. 
Well, we worked at various velocities, up to quite high veloc¬ 
ities and down to very low velocities, but we found that the 
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condition we needed required velocities within quite specific 
ranges. We found that if the velocity was too low, we did 
not get adequately high turbulence in the powder, we did 
not get enough mixing in the bed, the bed was too quiescent, 
and we knew that we needed that mixing in order to Inake 
the [Tr. p. 931 thing a success. And the result was that 
we soon decided that we must not let our gas velocities get 
too low and we early quit work at gas velocities below some¬ 
thing like three-tenths of a foot a second. Then, we found 
that as the gas velocities went higher, we had a raiige in 
which we could get an extraordinarily satisfactory build-up 
of powder concentration in the bed, but that when we went 
too high, we began to lose that advantage. We could still 
build up powder concentration in the bed by feeding at an 
adequate rate, but the rate at whidi we had to feed began 
to get to the place where it was completely impractical 

Q. Now, was this result, this dense turbulent bed with 
the relatively low catalyst feed, was that something that 
could have been predicted from your prior knowledge! A. 
No, we were surprised to find it. 

Q. Taking the particle size that you were working with, 
from prior knowledge of the art, what would you have ex¬ 
pected those particles to do when you were operating at 
the velocity that you found to be the optimum? A. I would 
have expected them, I did expect them to travel through 
with the gas at a velocity only a little less than that of the 
gas itself. I expected that the concentration in the reaction 
vessel would not be mu<dL greater than the concentration 
in the gas powder feed to that vessel 

Q. So that the occurrence of this dense bed was a 
[Tr. p. 94] matter of surprise? A. That is right, there 
was something occurring there that 1 did not understand. 

Q. Does this phenomenon have anything to do with the 
ability to pass a large through put of vapor through the 
reactor under operating conditioxis? A. Yes. 'What we 
found was that by picking our condillons properly, we 
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could nse high gas velocities and still maintain this high 
density in the bed. Now, I must restrict the word ‘‘high” 
as applied to gas velocity to relative, we found that we 
could use gas velocities, indeed that we oug^t to use gas 
velocities decidedly higher than one would have employed 
for securing the conditions of Begime 1. Now, doing that 
gave us high capacity. We knew it would give high capac¬ 
ity in a reacting unit. Now, what we found was that while 
we did not get the high densities in the reaction bed that 
are characteristic of Begime 1, we came surprisingly near 
to those densities, and at the same time we found that we 
were getting in this boding bed a turbulence that was far 
higher than characteristic of Begime 1. 

' Q. What is the merit of that turbulence! A. The merit 
* of that turbulence is uniformity of temperature control, one 
of its great merits is uniformity of temperature control 

Q. Why is that! [Tr. p. 953 The reason is this: 
These beds have a large amount of powder in them per unit 
of volume of gas. Now, after all, it is the gas that is reacting 
with the solid and the extent to which the reaction goes, and 
that means the extent to which heat is liberated or absorbed, 
is dictated by the amount of gas there. But mixed with 
that gas extremely intimately with a large surface area is 
this powder with a hi^ capacity to absorb heat, so that 
even though the heat evolution or absorption may be 
violent, the powder absorbs the heat if it is evolved or 
supplies it if it is consumed. 

Now, it is true that if one allows that process to go on, 
temx>erature will rise or fall, but it is easily possible to 
supply that heat through external sources or abstract it 
by external means and keep the temperature constant 

• • • 

Q. What did you find with resx)ect to the importance of 
the particle size distribution in giving rise to your result! 
A. We found that powders, with what I wdl call a normal 
particle size distribution, worked beautifully under the 
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conditions necessary for the formation of these beds and 
that) of course) had a very great practical advantage. One 
can produce particles of uniform particle size) but it is 
£Tr. p. 96] difficult) it is expensive) and under the conditions 
of agitation in a bed of this sort; they tend to break up and 
develop non-uniformity. So the very fact that we could' 
use particle size distribution as it comes from ordinary dis¬ 
integration or grinding) ordinary methods of preparation 
of the powders was a marked advantage. 

We also found that) apparently the coarse particles 
contributed toward this effect that we had found and looked 
as though they helped hold the fine particles in pilace in 
the bed. 

Q. What do you mean by particle size distribution! A. 
By particle size distribution) I mean the range of particle 
size from the coarsest in the mixture to the finest) and the 
way in which particles of different sizes are distributed in 
between the two extremes. 

Q. NoW) if you had happened to undertake this work 
with particles considerably larger in size) say) from 4 to 12 
mesh) and no finer) would you have ever discovered this 
invention! A. No. NO) I think not. NoW) I have just been 
talking about particle size distribution. In this question, 
you have brought up another matter and that is particle 
size itself. Now, we found that fine particles respond to 
these conditions and that coarse particles did not As it 
happened, shortly after we did this work with these 
powders, we were asked to [Tr. p. 97] undertake some work 
on the production of so-called activated carbon or adivated 
charcoal as gas mask absorbents. It was the period when 
threatening war had initiated new reseanffi on war prob¬ 
lems. NoW) for gas mask work, we used relatively coarse 
particles. My recollection is that it is about 6 to 14 mesh. 
On the other hand, they had to be treated with a gas, for 
example, steam, and when we saw how beautifnlfy these 
powders with which we were working behaved, we imme- 
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diately decided that we would use the same process for 
actlvatiiig carbon. 

Now, in the activation of the carbon and the charcoal, 
the particles are eaten away a bit and the result is we had 
to start with coarser particles than we expected to wind 
up with, so we started with about 4 to 12 mesh, and the 
thing just would not work. The particles would slug and 
we just did not get this type of condition. Had we had the 
idea of doing the thing &rst in connection with the carbon 
work, we would have come up with the conclusion that the 
idea was hopeless. 

Q. You mean by that, that this particle size range is 
critical to the operativeness of your invention T A. Yes, 
sir, you have to have fine particles or you just don’t get 
this effect of highly abnormal concentration build-ups in 
the reactor and a high degree of turbulence. 

• • • 

[Tr. p. 98] Q. Well, suppose you state then what you 
found in your work were the actual mesh sizes and distri¬ 
bution range to make it succeed. A. We found that it was 
essential to have powders, a large fraction of which would 
go through a 100 mesh screen, and we can tolerate coarser 
material but there must not be too much of it. We found 
if you got material above 10 mesh, you were in trouble, and 
if you got any considerable amount of .10 mesh material 
or coarse material like that, you were in trouble. We found 
that you could get excellent results with powders down to 
200 mesh, all or most of it, at any rate, through 200 mesh 
and, on the other hand, we found that you didn’t want too 
fine particles, that it was best to have the particles between 
200 and 400 mesh which could tolerate a certain amount of 
material finer than 400 [Tr. p. 99] and could tolerate a 
certain amount of material coarser than even 100. 

Q. Now, when you had made this discovery and observed 
its effect, were you in a position to compare its operation 
with the bed in the system of Regime % and would you be 
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good enough to contrast your operation with that of Eegime 
1? A. Now, in the first place, this matter of bed density, 
the concentration of solids in the bed, how much powder 
we could get in a cubic foot of the bed, we were able to get 
high concentration, not quite as high as those in Begime 
1—^well, we could get a third or maybe even a little more— 
no, a third to a half, maybe even 60 percent of the concentra¬ 
tions realizable in Eegime 1. But while we had sacrificed 
somewhat in concentration, we still had a high concentra¬ 
tion and we had gained very greatly indeed in turbulence 
in this mixing effect, and we had gained so much that 
whereas in Eegime 1 the fine particles or light particles 
can come up to the top and blow out and the coarse particles 
tend to go down to the bottom and segregate, we found that 
in this bed of ours the turbulence was so great that the 
segregation of particles was very small indeed. We took 
samples at different points in the bed, we found that the 
percentage of coarse particles, the percentage of fine par¬ 
ticles, was the same as it was in the rest of the bed and the 
particles blown over were essentially the same as the par¬ 
ticles fed to [Tr. p. 1003 the bed. We had a uniformity of 
bed due to this high turbulence that we had never antici¬ 
pated. 

Now, in the next place, we were able to do this with a 
gas velocity which was very much higher than would have 
been necessary to get in Eegime 1 with our powder, and 
that meant we were able to get a higher capacity. We 
could anticipate a higher capacity out of the cracking unit 
than would otherwise have been possible. 

Q. As a result of your tests and observations, were you 
able to define the conditions that must be brought together 
in order to achieve this new result? A. Yes. We realized 
that in order to get this result, the gas velocities or vapor 
velocities, even though the material we are using is in what 
we call vapor form, namely, it would condense to a liquid 
at room temperature if cooled down to room temperature, 
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we still treated it as a gas. We found that the gas velocity 
must be kept within proper limits and at that time the limits 
that we felt were essential were these limits of about three- 
tenths of a foot a second np to a little less than 8 feet per 
second. On the other hand, along with that, we had to have 
a proper particle size, the powder had to have the proper 
particle size and particle size distribution. The particle 
size could vary within wide ranges, but it must not get out¬ 
side those ranges. And then along with that, we had to 
combine [Tr. p. lOlJ continuity of feed of the particles to 
the bed, continuous feed. And then along with that, we 
had to have adequacy of feed rate to maintain the densities 
that we wanted. We presented our data in the form of 
curves or plot diagrams in the specification itself, which 
show the relationships between feed rate and gas velocities. 

Q. If the feed were cut off, what would happen to the 
powder under the velocity conditions existing T A. Another 
way of defining the gas velocity that we needed was this: 
We found that to get the bed conditions we wanted, we had 
to use a gas velocity high enough relative to the powder 
we were using, so that if we cut the feed off the bed, the 
gas in time would blow the powder out of the bed quite 
completely. When you cut the feed off, you begin to lose 
these advantages of the bed structure rapidly, you begin 
to get segregation, the coarse particles stay back in the 
bed and pretty soon you reach a place where the coarse 
particles never will go. So, you can^t empty the bed com¬ 
pletely. But we did find we had to pick gas velocities which 
would blow most of the powder out of the bed reasonably 
quickly, if the feed were shut off. 

Q. Are these conditions that you have just mentioned, 
in any way mutually interdependent? A. These conditions 
I have mentioned are completely mutually interdependent 
and if you violate any one of them, [Tr. p. 1023 you lose 
the condition of turbulent bed density. 

Q. 1 don’t know that you mentioned the question of 
motion of the particles through the bed when you were 
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comparing yonr operation mth Begime 1. A. In Begime 1, 
one can have conditions where—while the particles are 
vibrating) jiggling, jonncing) and therefore do mix aronnd 
somewhat) the mixing is relatively slow and minor. In the 
bed that we described in this specification) the mixing is 
extraordinarily rapid and vigorons and that represents a 
very marked advantage of the condition for catalytic re¬ 
actions and diemical reactions) a large nmnber of chemical 
reactions between the gas and the solids. 

• • • 

Q. What abont the movement of the particles from the 
top to the bottom of the bed in yonr caset A. In Begime 1) 
the mixing of the particleS) as I said) is limited) maybe 
very limited and particles at the top either never get 
to the bottom or get there only slowly and rarely and 
back again. In onr bed) the mixing of particles from the 
top to the bottom is extraordinarily rapid and complete. 
NoW) for example) in Begime 2) the particles don^t back mix 
mnch. Yon can have a high degree pTr. p. 10^ of tnr- 
bnlence in the regime) an extremely hig^ degree of tnr- 
bnlence in Begime 2, yet the velodty is so high while there 
is ba(^ mixing the high velodty sweeps the particles ont 
withont ever letting the particles at the coil ontlet get any¬ 
where near the coil inlet. We mix onr juirtides from top 
to bottom very thoronghly. 

In the very early dayS) in one of the experiments we 
tried) we got a bed like this which convinced ns of its valne. 
We took a bed of this clay) very light yelloW) almost white) 
we introdnced snddenly a small amonnt of carbon black) 
very finely divided black carbon) and the whole bed was 
grey so rapidly that the eye conld not follow the diange. 
The mixing np and down was almost instantaneons. 

Q. NoW) are the experiments to which yon have made 
reference in yonr last answerS) described in this x)atent 
application herO) Serial No. 544)8961 A. Yes, the data of 
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those, or certain data of those experiments are fonnd. The 
basic experimental data are plotted in Figures 1 and 2. 

Q. "Will yon explain to the Court how the curves were 
made and how they should be interpreted? 

Mr. Kenyon: You will find them at the back of 
the reprint, Your Honor, folded in. They are the 
drawings annexed to the application. 

• • • - 

[Tr. p. 1041 The Witness: We are dealing with/^' 
complex intercorrelations of a character that ^e 
have more than one independent variable and^^e^ con¬ 
sequence is that we cannot represent the results by 
a single curve on a single plane diagram. We would 
have to have at least three-dimensional service- 

The Court; You don’t require four dimensions? 

The Witness: No, we wouldn’t get into the four¬ 
dimensional area. Now, in Figure 1, for example, 
we have plotted as the horizontal axis, along the 
horizontal axis, the powder feed rate, expressed as 
pounds of powder feed per minute for each square 
foot of cross section of the reaction vessel, the re¬ 
action vessel being vertical for each square foot of 
the horizontal section, horizontal surface, the feed 
rate permitted is plotted here. I wish now that I 
had plotted it as feed pounds per second. We found 
that the gas velocity played a very important part 
and we decided to plot the results for various con¬ 
stant gas velocities. 

[Tr. p. 1053 The top curve on Figure 1 is for 
a velocity of 0.51 feet per second of the entering gas 
entering the bottom of the vessel The middle curve 
is for 0.99 feet per second. The bottom curve is for 
1.48 feet per second. 

What we found was that at each one of these gas 
flow rates which we set, when we set a given feed rate 
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we got the clay concentration in pounds per cubic foot 
of the vessel shown on the vertical axis. For example, 
on the bottom curve at 1.48 feet per second entering 
gas velocity and the feed rate of 50 pounds per minute 
per square foot, we got a clay concentration in the 
vessel of 10 pounds per cubic foot. 

By Mr. Kenyon: 

Q. Let me interrupt there. In terms of volume percent, 
which is the expression used in the claim, what does 10 
pounds per cubic foot of this material equal? A. It is ap¬ 
proximately 6.6. 

Q. 6.6? A. Percent by volume. 

Q. So that, that 10 pounds per cubic foot line really 
represents 6.6 percent by weight? A. By volume. 

Q. By volume. A. Now, Figure 2 is further data of a 
similar sort, but when the gas velocity goes up, the feed 
velocities have [Tr. p. 106] to go up so much that we could 
not with any convenience plot the data on the same diagram 
to the same scale. You will note that the highest figure 
for feed rate indicated in Figure 1 out at the right.is 80 
poimds per minute. You will notice that the first feed rate 
indicated in Figure 2 is 500 pounds per minute, over six 
times the highest of Figure 1. The only reason for plotting 
Figure 2 separately was because we were out in a range 
where the plot would be, very inconvenient. 

Q. Now, were these curves as shown in this Figure 1 and 
Figure 2, were they made from actual tests? A. Yes, they 
represent the experimental data obtained by us plotted di¬ 
rectly. The experimental points are not put oh, there was 
some spread, but we did not confuse the diagram by putting 
experimental points on. 

Q. What do they show as to the feed rates which are 
necessary in order to give a concentration of 10 pounds per 
cubic foot as the velocity is increased up to 2.3 feet per 
second? A. The 2.3 feet per second curve is the top curve 
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on Figure 2^ or practically tliat, and that diagram says that 
at that gas velocity in order to secure 10 pounds per cubic 
foot concentration in the reaction vessel, we must have a 
feed rate of roughly 800 pounds per minute for each square 
foot of cross-section of the vesseL 

[Tr. p. 107] Q. You can find out the same information 
concerning the other velocities from the upper curve, the 
lower velocities T A. That is true. 

Q. What is the relation between these curves and the 
curves that are shown on Figure 4! A. Figure 4 repre¬ 
sents no new factual information. The factual, directly 
determined data are found on Figures 1 and 2. Figure 
4 is constructed from Figures 1 and 2 with the purpose 
of bringing out relationships that are not so obvious from ^ 
Figures 1 and 2, or by no means so obvious as in Figures 
1 and 2. 

Q. But they are inherent in Figures 1 and 2? A. They 
are inherent in the Figures 1 and 2 and they are constructed 
from those figures. 

Q. Now, do those curves on Figure 4 show that the re¬ 
lationship between the solid loading, that is, the concentra¬ 
tion in the contacting zone and the gas velocity at a given 
solid feed rate undergoes any change? 

m m m 

The Witness: Yes, one will note that at the right- 
hand side of this diagram. Figure 4, the curves for 
reactor loading, that is to say, the concentration of 
clay in the [Tr. p. 108] reactor, as a function of the 
gas velocity'entering the reactor at constant feed 
loadings, which means a constant ratio of clay feed 
to gas feed, are flat curves drawn here as straight 
lines. To the left of the diagram, the same data show 
curves whidti are curved and which rise very sharply. 
As plotted here, the curves indicate mathematical 
discontinuity around 2.3 feet per second. 
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Q. What does this Figure 4 indicate as to the difference 
in relationship to the right and the left of that mathe¬ 
matical discontinuity T A. It indicates to me that to the 
left of this gas velocity of about 2.3 feet per second, there 
is a factor or factors operating to determine the reactor 
loading which differ in kind from the factors controlling it 
to the right of that point. 

Q. Did yon mean to say in your application here in suit, 
in which various velocities up to almost 8 feet per second 
are mentioned, that yon achieve the same result at those 
higher velocities as yon do from velocities in the neighbor¬ 
hood of 2 feet per second? A. Well, I, by no manner of 
means, achieve the same result under the same operating 
conditions. We have this interrelated set of variables which 
have to be considered and yet can^t get the same result ex¬ 
cept by deep seated changes [Tr. p. 109] in operating con¬ 
ditions. 

Q. Now, in order to illustrate the difference that your 
experimental data demonstrated as shown by this Figure 
4,1 wish you would look at the bottom curve there, that is 
curve Will you tell me what that indicates? 

The Court: Did you say Figure 2? 

Mr. Kenyon: Figure 4. The whole curve. Dr. 
Lewis. 

The Witness: Starting at the right-hand end, cer¬ 
tain points will be noted at a gas velocity of 7.8. 
Those points were taken off the 7.8 curve of Figure 
2. This curve says that a gas velocity of 7.8 feet 
per second entering the vessel and j^th a feed of 
" powder of 0.5 pounds for each cubic foot of gas enter¬ 
ing the vessel, the loading that will be realized is 
a trifle over 1 pound per cubic foot. Now, that is 
about double, a trifle more than double the loading 
in the feed stream. 
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Q. When yon referred to loading in the contacting 
vessel, you mean the concentration of the solid catalyst 
there? A. Concentration of solid catalyst in what we call 
the bed. 

Now, if one will go to the left, to the point at 2.29 feet 
per second of entering gas velocity, taken from the cor¬ 
responding curve of Figure 2, one finds that for the same 
[Tr. p. 110] gas solid mixture entering the vessel, the con¬ 
centration in the bed, in the reactor, has climbed to about 
2.4 pounds per cubic foot. In other words, it has gone up 
about double. 

On the other hand, if one will go to the point on curve 
farthest to the left, at .51 feet per second, taken from 
the curve of Figure 1, one finds that with the same gas 
solid mixture entering the bed^ the reactor concentration, 
the concentration of solids in the bed itself, has gone up 
to over 12 pounds per cubic foot, which is about 25-fold 
the concentration in the entering gas stream. 

Q. Does this mean that on the right-hand side of the 
sharp break in the curve, the reactor loading is largely in¬ 
fluenced by the solid feed rate, while on the left-hand side, 
it is influenced only to a minor extent by the solid feed rate? 
A. That is true. The fact that curves * ‘ A ^ ^ “ C ”, 

are so far apart at the right-hand side of the diagram is 
another way of saying that feed loading, the ratio of powder 
feed rate to gas feed rate, makes a big difference. The fact 
that the curves come so close together at the left-hand side 
of the diagram is- another way of saying that in that zone 
the ratio of powder to gas entering ^e vessel is relatively 
unimportant. 

• • • 

[Tr. p. 114] Now, what advantages does your process 
have over the first regime? A. The advantages it has over 
the first regime are higher gas velocity with correspond¬ 
ingly higher capacity of unit and far higher turbulence, 
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absence of segregation of the particles dne to this turbu¬ 
lence, the ability to use particles with a wide distribution 
of particle size and yet still not get segregation and indeed 
getting the advantage of the larger particles helping hold 
down the finer ones, better heat transfer, a more uniform 
temperature control in the bed where heat effects are en¬ 
countered. 

Q. Dr. Lewis, do the technical men in this industry yet 
understand why it is, or do they agree on their explanations 
of why it is that with your particular process you get p?r. 
p. 115J this dense bed under the conditions indicated? A. 
They certainly do not. Professor Gilliland and I cannot 
agree on the matter. 

Q. What are the advantages of the process of your in¬ 
vention over the process of Regime 2? A. We have the 
advantage of far higher bed density, far higher bed density 
without paying the price of an inordinately high powder 
feed rate to the reactor. We have the advantage of a 
cheaper reactor construction, because we don^t have to use 
such a long, narrow coiL We have far better thermal con¬ 
trol and tile advantages which that gives. We have a 
turbulence that works from gas inlet, the point of gas inlet 
to the bed to the point of gas outlet to the bed in a degree 
that is absolutely unknown in Regime 2. 

• • • 


£Tr. p. 117] Cross-examination hy Mr. Moore: 

• • • 

£Tr. p. 118] Q. You did come to the Patent Office with 
counsel for the Standard Oil Development Company and 
interview the Examiner in this case, didn’t you? A. In 
this case, that is true. 

Q. Did you do it more than once? A. I am not sure, I 
remember clearly once. 







A 64 


Warren K. Lewis—For Plaintiff—Cross 

Q. There was an interview arranged with the Examiner 
and that included yon and Mr. Whelan, that is right? A. 
That is right. 

Q. And you had full opportunity at that time to present 
your views to the Examiner and so did Mr. Whelan have 
full opportunity to represent you at that time? A. That 
is true. 

Q. This application of yours and Dr. Gilliland which is 
in suit, was filed July 14, 1944, is that date correct? tTr. 
p. 119] A. I guess so, I don’t know. 

Q. Let me show you the specification. A. Yes, right. 

Q. You recognize that as the specification you signed? 
A. Yes. 

Q. You took an oath to that application xmder date of 
the 17th of June, 1944? A. Bight. 

Q. That application was signed by you some four years 
after your experiences with the Standard Oil Development 
Company and with Mr. Murphree and the building of the 
Standard Oil Development plant? A. Yes, of course, my 
contact with them had continued all through that period. 

Q. You had been retained by that corporation previously 
to 1944? A. And subsequent to. 

Q. And you continued to be retained by them as of 1944? 
A. That is right. 

Q. As of the time of filing this application? A. That 
is right, sir. 

Q. Now, as of the time this application was filed, it con¬ 
tained that Claim 1, didn’t it, and the other claims? A. Yes. 
[Tr. p. 120] Q. Do you see anything in that claim about 
particle size with the exception of the reference to finely 
divided solids? A. No. 

Q. To repeat, the only reference there to particle size 
is that the particles shall be finely divided solids, is that 
right? A. That is true. 

Q. Do you find any specific numerical value of velocity 
recited in that claim? A. No, in that claim the velocity 
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is described in the terms to which I referred rather than in 
numerical values, in terms of the velocity necessary to carry 
the particles out of the bed. 

Q. But it is not specified as ranging from .3 to 2.3 feet 
per second! A. No. 

Q. There is, however, a reference to volume, isn’t there, 
in that claim! A. Yes. 

Q. What is that reference! A. Three percent. 

Q. Three percent as opposed to 6.6 percent in these 
present claims that you have! A. That is true. 

[Tr. p. 121] Q. Were these curves of Figure 4 prepared 
under your supervision! A. No, but I went over them and 
looked over them after they were prepared. 

Q. Would you say that if curves similar to those in 
Figure 4 were drawn for solid feed' rates of 3.0, 4.0, and 
5.0 pounds per cubic foot of gas, those curves would show 
that the high densities in the reactor are obtained even at 
velocities above 2.3 feet per second! A. Well, I would have 
to compute them before I could answer that question. 

• • • 

The Witness: Of course, there is this thing to it, 
you can get high concentrations in the reactor at high 
gas—^very high concentrations in the reactor by forc¬ 
ing feed rates up sufficiently. Now, I don’t think 
that is a part of our invention, by using feed loadings, 
solid feed rates, feed loadings sufficiently high rela¬ 
tive to the gas velocity, one can get high concentra¬ 
tions in the reactor zone. Concentrations in the re¬ 
actor, if it is running continuously, can’t be less 
than the concentration in the feed gas. If you get 
that high enough, you can get high concentrations 
in the reactor. 

[Tr. p. 122] Q. You can get high concentrations at velo¬ 
cities above 2.3 feet per second! A. Oh, yes. Of course, 
as a matter of fact, in Figure 2 we show a concentration 
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realized at a velocity of 7.8 feet per second which was nearly 
as high, within less than 10 percent of the highest concentra¬ 
tion that we show there for 2.29 feet per second. High 
concentration is not the only factor. 

Q. Did yon have the benefit at the Standard Oil De¬ 
velopment Company of the literature, information they 
might have on prior art processes? A. Yes, but I did not 
go throngh it with any great care. 

Q. Would yon have had information about work per¬ 
formed, for instance, by I. G. with such processes as those 
shown in the Winkler, et al., patent. No. 2,111,579? A. 
Yes, I studied that pretty carefully. 

Mr. Moore: I think that is all. 

• • • 


Re-direct examination hy Mr. Kenyon: 

Q. Do you know what particle size was used in this 
[Tr. p. 123] Winkler operation that you are referring to? 
. A. Up to hazelnut size, the size of the end of my finger. 
That is what he says in the patent. 

Q. Do you know what they used in actual operations? 
A. Well, they used ground coal and it was not unduly fine, 
they blew roughly half of it off as dust and never reacted 
it in the reactor, and it was the coarser material that re¬ 
acted down in their jiggling bed. 

Q. That is the material of hazelnut size? A. Up to. 
Q. Up to hazelnut size. 

Mr. Kenyon; I think that is all. Your Honor. 
Mr. Moore: May I ask just one question? 

Re-cross-examination hy Mr. Moore: 

Q. Will you refer to that Winkler, et aL, patent. Dr. 
Lewis, page 2, the second column, at lines 2 to 7, and tell 
me if Winkler wasn’t dealing with particles that ranged 
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from dust to 5 millimeters in diameter? A. That is correct, 
dust size up to 5 millimeters, up to a fifth of an inch. 

Q. That is smaller than hazelnuts, isn’t it? A Well, 
he says hazelnuts in one, I think it is in there. 

Mr. Kenyon: It is in the other Winkler patent 
[Tr. p. 1243 The Witness: It may be in the 
other Winkler patent. 

Mr. Moore: That is all. Your Honor. 

• • • 

[Tr. p. 1273 Petee Debye was called as a witness by 
the plaintiff and, having been first duly sworn, was exam-* 
ined and testified as follows: 

Mr. Kenyon: Your Honor, I propose to ask Dr. 
Debye questions about the Lewis and Gilliland in¬ 
vention and then go right to the references, the prior 
art patents upon which the Patent Ofl5ce relied in 
refusing this application. 

Direct examination by Mr. Kenyon: 

Q. Dr. Debye, will you give your address and occupa¬ 
tion? A. I am living at 634 Highland Boad in Ithaca, New 
York. I am a Professor of Chemistry at Cornell University. 
Q. How long have you been at Cornell? A. Ten years. 
Q. And what special subjects do you teach there? A. 
Well, subjects which are covering the connection between 
physics and chemistry. 

• • • 

P?r. p. 1283 You were bom in Holland in 1884 and have 
been a citizen of the United States since 1946. You have 
degrees in Electrical Engineering from the University of 
Aachen in 1903, and Doctor of Philosophy in Physics from 
the University of Munich in 1908. 

You have taught as a professor in physics and chemistry 
in Switzerland, Holland, and Germany. For ten years you 
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have been head of the chemistry department at Cornell 
University, and in the course of that time have also lectured 
at the Massachusetts Institute of Technology, the Califor¬ 
nia Institute of Technology, at Columbia University, and 
at the Universities of Paris, Liege, Oxford and Cambridge. 

You are a member of the following scientific academies: 

The National Academy in Washington, D. C.; the New 
York Academy in New York; the Eoyal Dutch Academy in 
Amsterdam, Holland; the Royal Society in London, Eng¬ 
land; the Royal Institution of Great Britain, London, 
England; the Royal Danish Academy; and the Academies 
of Berlin, Gottingen and Munich in Germany; the Acade¬ 
mies of Brussels and Liege in Belgium; the Royal Irish 
Academy, Dublin, Ireland; the Papal Academy, Rome; the 
Indian Academy and the National Institute of Sciences in 
India. 

You have received honorary doctors degrees at the 
Universities of Brussels and Liege in Belgium; Oxford in 
[Tr. p. 129] England; Sofia in Bulgaria; and Harvard, 
Brooklyn Polytechnic, and Saint Lawrence in the United 
States. 

You have also been awarded a number of medals for 
scientific achievement: the Rutherford medal awarded by 
the Royal Society in London, 1930; the Lorentz medal 
awarded by the Royal Dutch Academy in Amsterdam, in 
1935; the Nobel award in chemistry in 1936; the Franklin 
medal awarded by the Franklin Institute, in 1937; the 
Willard Gibbs medal awarded by the American Chemical 
Society in Chicago, 1949; and the Max Planck medal 
awarded by the West German Physical Society in 1950. 

By Mr. Kenyon: 

Q. Is that statement correct? A. It is correct. 

Q. Have you studied the Lewis and Gilliland' application 
here in suit and all of the prior patents that were relied 
upon by the Patent Office in refusing to allow that patent? 
A. I have done so. 
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Q.- Do you find any statements in the Lewis and Gilliland 
application that the same results are reached by using a 
gas velocity which is substantially above 2.3 feet per second, 
as is obtained by using a gas velocity below 2.3 feet per 
second ? 

• • • 

CTr. p. 130J A. Well, I certainly do not. 

• • • 

Mr. Kenyon: [referring to the Examiner’s 
Statement, see p. A 228, infra.] 

Q. About five lines from the top appears this sentence: 

“Applicants’ own disclosure clearly points out 
that the desired results may be obtained at velocities 
considerably above 2.3 feet per second. Thus, as 
stated at the top of page 11, of the specification and 
as clearly shown in Figure 2 of the drawing, veloci¬ 
ties as high as 5.0 and 7.8 feet per second [Tr. p. 1313 
will produce the desired densities and turbulence.” 
Do you agree with that statement? 

A. Well, I do not agree that that is the thing Lewis and 
Gilliland want. 

• • • 

Q. Now, Dr. Debye, to you, as, one skilled in this art, 
what does the Lewis and Gilliland Application mean to you 
as to the difference between the results achieved at veloci¬ 
ties below 2.3 feet per second and those that may be achieved 
at substantially higher velocities? iJL Well, that is all ex¬ 
pressed in the curves which have beaa published here. We 
have two sets of curves, we have firsts the curves numbered 
Figure 1 and Figure 2, which are exjpressing experimental 
results. Then, we have a curve numbered Figure 4 which 
is nothing else than another mathematical representation 
of the data which are already contained in 1 and 2. So, I 
can derive all my consequences either from cuiwes 1 and 
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2 or from curve 4 and each of these procedures will lead 
to the same result 

Now, what is expressed, for instance, in the curves 1 
[Tr. p. 132] and 2, as the main thing is that if I am at a 
velocity which is at the same time higher than the free fall 
velocity but lower than a kind of critical velocity which is 
expressed in Figure 4 at the point 2.3 feet per second, that 
where I get this range the density in the bed is essentially 
independent of the rate of feed. If I keep the velocity 
constant—so there I have, for instance in Figures 1 and 2, a 
horizontal line or near a horizontal line for the different 
feed rates at the given velocities and the fact that this 
line is horizontal means that 1 am not changing very much 
the load in the reactor by changing the feed rate, and that 
is quite different from what I see at velocities higher than 
2.3 feet per second. 

If I go very much higher than 2.3 feet per second, I 
find that in the three curves, for instance, in Figure 4, which 
are plotted for different rates, I have a very different 
ordinate, that means that changing the feed rate also 
changes essentially the loading, and so there is a character¬ 
istic, a difference in kind between working below 2.3 feet 
per second and working above 2.3 feet per second. 

Q. Can you characterize briefly the difference in kind 
that is apparent when you work the Lewis and Gilliland 
combmation below 2.3 feet per second, as compared with 
what you said when it is substantially above? A. If I 
work below 2.3 feet per second with the ma- [Tr. p. 133] 
terial as defined in the case of Lewis and Gilliland, because 
all those things are interdependent, well, then, I get a 
dense bed which has a very high turbidity in which the 
particles go around very fast and I can keep this high 
density up by feeding very little; on the other hand, if I 
am going very far above 2.3 feet per second, then I come 
in the region which we have called before, Begime 2, then 
I come very near and nearer to the case in which I have. 
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in order to get a high density, to feed an enormous amount 
of material. 

Q. Solid material? A. Solid material 

Q. Is that graphically illustrated on Figure 4? A. Yes. 
In Figure 4, there are three curves. Now, if we go below 
2.3 feet per second, then these three curves have approxi¬ 
mately the same ordinate, an ordinate which does not 
change very much at a given velocity. So, I stop at a 
different point, say, for instance, 1 foot per second. Then 
I go up at this place and I cut the three curves and the 
ordinate of these three curves is approximately the same, 
although one of them belongs to half a pound per cubic 
foot loading in the incoming stream and the other belongs 
to four times more; that is left of 2.3 feet per second. 

Now, if I do the same thing right of 2.3 feet per second, 
then the ordinate at 7 feet per second—^well, the ordinate 
of [Tr. p. 134] the three curves are very different and 
approaching loadings which are beginning to be propor¬ 
tional to the feed load. 

Q. Would you characterize that as a difference in kind 
or a difference in degree? A. I certainly would say that 
is a difference in kind. 

• • • 

[Tr. p. 135] Q. Then, I understand that when you are 
talking about the Lewis and G-illiland combination, at veloci¬ 
ties less than 2.3, and with the other elements that are 
involved in this claim, that you are able to achieve this high 
bed density with a relatively low feed rate? A. Yes. 

Q. Now, have you examined the data in that respect, 
the data of actual operation of the Standard Oil Company 
of New Jersey’s Bayway Plant where this process is used? 
A. Yes, I have done so. 

Q. What is the gas velocity that is used in the contact¬ 
ing chamber there? A. Well, I had a given velocity, 1.65 
feet per second. 
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Q. And what is the size of the contacting vessel! A. 
Oh, it has 55 feet in diameter. 

Q. A cylinder 55 feet in diameter! [Tr. p. 136J A. Yes. 

Q. Well, now, what is the rate at which the solid par¬ 
ticles are fed into that vessel! A. Well, the data of the 
plant which were given to me say that 60 tons per minute 
are fed. ^ 

Q. Sixty tons per minute are passed into that vessel! 
A. Yes, 60 tons of solid materiaL 

Q. And is there a dense bed in that contacting vessel! 
A. Oh, yes, yes. 

Q. Now, have you calculated at what rate the solids 
would have to be fed in to produce that dense bed according 
to the accepted rules of the prior art before the Lewis and 
Gilliland application! A. Yes, I have done so. In order 
to make this calculation, I have to assume some size for the 
particles, for the material, and this size I have adopted 
200 mesh; and in doing just this, I calculate that in applying 
the rules of the prior art as they apply to Regime 2, we 
would have to have 2,700 tons per minute instead of the 
actual feed rate which is 60 tons per minute. 

Q. What is the factor of difference between those two! 
A. Well, it is something like 45—^2,700 divided by 60, so 
that is just 45. 

Q. 45 to 1! A. Yes. 

[Tr. p. 137] Q. Well, now, with this background. Dr. 
Debye, will you state what in your judgment are the ad¬ 
vantages of the Lewis and Gilliland combination! A. Yes. 
I have written that down because I was thinking that you 
are going to put this question and I want to read it in order 
to be quite certain about it: 

Now, in the Lewis and Gilliland mode of operation, a 
high bed density of fine particles can be combined with a 
high gas through put per unit volume of reaction space. 

The Court: I didn’t understand you. 
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The Witness: Combined with a gas through put 
with a large amount of gas going through per unit 
volume of reaction space and, at the same time this 
is done, having a very low solid feed rate. 

Now, this combination offers the advantage of a 
large surface of contact for the reaction, with a cor¬ 
respondingly large amount of gas taking advantage 
of it. At the same time, the high turbidity of the 
motion leads to a very violent mixing action in the 
reacting mass and this, in turn, produces an extraor¬ 
dinary uniformity of temperature in all the reaction 
space. 

• • • 

Q. Did you find your opinion confirmed in- A. Oh, 

yes, yes. I was very pleased when I got a new book 
of Alexander, VoL VJI, a book about Colloid Chem- 
[Tr. p. 138J istry, and in this book there is an article of 
Mattox—should I give the reference? 

Q. Yes. A. Well, it is Alexander, Colloid Chemistry, 
VoL Vli, page 482 to 483, and published by Beinhold Pub¬ 
lishing Corporation, in New York, in 1950. Now, in this 
article, Mattox says: 

“A rather surprising observation, which repre¬ 
sents, in fact, a key point in the experimental basis 
for the wide application of the fluid solids technique, 
is that with particles in this size range fluidized beds 
of high density can be maintained by a very simple 
technique at gas velocities which are many-fold 
higher than the free-fall velocities of the particles 
contained in the bed, as calculated by Stokes’ law or 
its modifications for turbulent settling conditions; in 
effect, at conditions such that the formation of a 
dense bed would have appeared impossible. In prac¬ 
tice, it is found that the rate of entrainment from 
beds of fine particles fluidized at velocities above the 
free-fall velocity is rather low, so that the bed may 
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be maintained indefinitely under such conditions by 
the continuous introduction of a relatively small 
quantity of solid.’’ 

CTr. p. 1393 Now, that just expresses exactly what I think 
about it 

Q. Dr. Debye, when did you first become acquainted 
with the Lewis and Gilliland invention that we are con¬ 
cerned with here? A. About four or five years ago, that 
is when I heard about it, rumors. 

Q. And what was your reaction to it when you heard 
about it? A. Well, I thought it was an exaggeration, I did 
not really believe it. 

Q. But when you did become fully acquainted with it, 
were you then able to explain it on the basis of knowledge 
of gas solid mixtures of this type as the art prior to 1940 
had known it? A. Well, about two years ago or two and 
a half years ago, I had to look into this, I wanted to look 
into this business, because then I saw (a) that it was really 
true, that here was something which was very peculiar. 
Then I tried to explain it, I tried several times to explain 
it, but I did not succeed. So, I am in the position that here 
there are experiments which have definite and clear results 
but, on the other hand, I do not yet know how to explain 
it from first principles, and I do not believe that there is 
anybody else who knows. 

[Tr. p. 140] Q. Now, from your examination of sys¬ 
tems of this kind, can the result which the Lewis and Gilli¬ 
land combination achieves be obtained by using the proper 
gas velocity, but without regard to particle size or the rate 
at which the solids are fed to the zone? A. No, it is im¬ 
possible. These three things are all interlocked and they 
have to be adjusted to each other. 

Q. Now, I will take up, first, the Winkler patent. No. 
1,913,968. 


4 
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Mr. Kenyon: I might introduce the prior art, 
Your Honor, by briefly characterizing the way in 
which the Board of Appeals handled it. 

The Court: Very well 

Mr. Kenyon: They referred to eight prior pat¬ 
ents altogether, and they took this Winkler patent 
and placed it at one end of the scale. They said that 
this represents a process wherein substantially sta¬ 
tionary vibrating particles are used. That, you will 
find at the top of page 8 of the opinion of the Board, 
it is Tab L of the defendant’s Exhibit. The very 
first line on that page states: 

‘‘wherein substantially stationary vibrating 
particles are used, is illustrated by Winkler 
1,913,968”- 

Then, at the other end of the scale, they place 
the Degnen patent which I will come to later. That 
patent is [Tr. p. 141] 2,305,569. And Your Honor 
will see immediately following what I just read from 
the opinion of the Board, they say: 

“the acknowledged prior art process wherein 
the particles are carried at substantially the 
same velocity as the gas is illustrated by 
Degnen.” 

Now, we have characterized those two things, the 
Winkler type of stationary jiggling bed as Regime 1, 
and the Degnen type of dilute suspension, where the 
particles are carried along at substantially the same 
velocity as the gas, as Regime 2. 

Now, intermediate these two extremes, the Board 
of Appeals placed four patents which we will come 
to. The Winkler, et aL patent and the Odell patent, 
we will show are substantially the same as Winkler 
and belong in Regime 1. The Muller patent and the 
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Huppke patent are substantially the same as Degnen 
and belong in Regime 2. None of them show the 
characteristics of the Lewis and Gilliland combina¬ 
tion. Then, there are two other patents, Tyler and 
■ Carpenter, which the Board referred to merely as 
showing one element of the combination, but they 
made it clear that neither of those patents showed 
the full combination. 

Now, I think it would shorten things if I give a 
very brief description of this Winkler device and then 
I will ask Dr. Debye questions about it. If Your 
Honor will be good enough to look at the patent draw¬ 
ing of this Winkler patent, [Tr. p. 142] 1,913,968, 
it is an apparatus for converting coal into gas. A 
supply of coal from the Bunker H on the left is intro¬ 
duced into the bottom of a gasification chamber by 
means of a screw or worm G. That gasification 
chamber, as you will see, contains a bed marked L 
at the bottom, which contains the coal that is being 
gasified. A blast of air is introduced into this cham¬ 
ber through the pipe marked E at the right, below 
the grate with sufficient force to keep this bed of fuel 
L moving up and down in a manner similar to a boil¬ 
ing liquid. The coal charged into this device is said 
to be granular and about nut size. 

By Mr. Kenyon: 

Q. Now, Professor Debye, would you be good enough 
to point out where the size or character of the solid material 
is referred to in this patent? A. You mean the lines in the 
patent? 

Q. Yes, I believe it is page 1, lines 26 to 28. A. Well, 
page 1, line 27 to 28, in the first column, it says that the 
material is “about nut size, which may also contain dust.’’ 

Q. And does he also refer to the material at page 2? 
A. Yes. 
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Q. Column 1, lines 2 and 3? A. Lines 2 and 3, there, 
lie says it is “Friable, very dusty brown coal,” and at tbe 
same time on page 2, [Tr. p. 1433 column 1, at line 54, be 
says that it is coal having a “size ranging from that of 
particles of dust up to that of nuts.” 

Q. Now, what becomes of the dust that is introduced with 
this nut size coal? A. Well, as soon as the dust comes into 
the lower bed, it is blown out into the upper part of the 
reactor. 

Q. Where does it go from there? A. Well, from there it 
goes up to B, and then through B, it is recirculated back 
to K. 

Q. You heard me reading this statement from the Board 
of Appeals that this patent shows a process wherein sub¬ 
stantially stationary vibrating particles are used. Do you 
agree? A. I agree with that. 

Q. Where does that condition exist? A. In the lower 
bed indicated by L. 

Q. What regime is illustrated by the condition existing 
in the bed L? A. It is definitely Regime 1. 

Q. Is anything iillustrated in this patent that corre¬ 
sponds to the Lewis and Gilliland invention? A. No. 

The Court: I notice in this opinion in the Patent 
Office, page 8: 

prr. p. 1443 “ We do not regard it as of 
importance that prior workers may not have 
recognized the inapplicability of Stokes’ Law to 
the involved phenomena.” 

What is Stokes’ Law? 

Mr. Kenyon: Professor Debye, will you answer 
that question? I think it will be easier for you than 
for me. 

The Witness: Stokes was a mathematician and 
he derived equations which described the motion of 
Uquid or gas which has at the same time some vis- 
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cosity. If I have a stream of gas going up and I pnt 
a spherical particle in it, then this stream of gas 
wants to drag the particle with it, and Stokes calcu¬ 
lated out how big this force is, depending on the 
viscosity of the gas and on the size of the particle. 
That is Stokes’ Law. 

By Mr. Kenyon: 

Q. Is it a way of determining the free-fall velocity of 
small particles ? A. Yes, instead of using my picture I have 
just been using of a particle standing here and a stream of 
gas going past it, I can also take a gas which is standing 
still and let the particle fall through ^e gas and then from 
the drag on the particle and its weight making equilibrium 
with each other, calculate how fast the particle is going 
to fall 

Q. Now, will you look at this bed L, which the Board 
[Tr. p. 145] describes as substantially stationary vibrating 
particles, and state whether the velocity of the gas passing 
through that bed is sufficient substantially to empty the bed 
of solids in the absence of a continuous feed of solids? 
A. Well, it cannot empty the bed. 

Q. What is the limit of what it can do? A. Well, it can 
make the bed fluidize in the sense of Eegime 1 where they 
have the limited motion of the particles, so that the whole 
thing looks like a kind of quicksand. 

Q. And what about the dust, what happens to the dust? 
A. Oh, the dust is blown out, but that is not at the place L 
any more, that is another place in the apparatus. 

Q. Now, why cannot that gas velocity blow out any of 
the larger particles? A. Well, if I would calculate the free- 
fall velocity, then the free-fall velocity would be much larger 
than the gas which I apply, so it cannot lift that, cannot 
support the weight. 

. Q. Is that due to the particle size in any way? A. Yes. 
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Q. Is there any dense turbnlent mass in the space above 
the bed L? A. No.' 

Q. Does the Winkler patent specify the velocity of the 
gas passing through the bed? [Tr. p. 146] A. Well, it does 
not specify the velocity but it can be calculated from data 
contained in disclosures. 

Q. In the Patent Office, the Examiner as reported in 
the decision of the Board of Appeals, calculated the gas 
velocity through the bed L to be 3.7 feet per second. Do 
you agree with that calculation? A. Well, I have to say 
no because I get a somewhat higher value. 

Q. Why do you believe that the Examiner’s calculation 
is wrong? A. Well, he took only the gas which is pushed 
into the bed from the outside and did not take account of 
the water gas which is made in the bed. 

Q. That is the purpose of this apparatus, is it not, to 
make that gas? A. The purpose is to make a gas out of 
coal with oxygen which still can bum. 

Q. And the Examiner did not take into account the 
volume of the gas so produced? A. So produced out of the 
coal, because then, of course, you get a much bigger volume. 

Q. Now, what is the actual volume through that bed 
according to your calculations? A. I suppose you mean 
velocity. 

Q. I am sorry, I mean velocity. [Tr. p. 147] A. Well, I 
calculate out it is somewhere between 4.3 and 4.4 feet per 
second. 

Q. Does this calculation take into account the tempera¬ 
ture in the reaction? A. Oh, yes, of course. 

Q. Does it take into accoxmt a pressure correction? A. 
No. 

Q. Now, the Examiner and the Board seem to feel that 
if a temperature correction is to be applied, then a pressure 
correction should also be applied. Do you agree? A. WeU, 
I don’t think there should be a pressure correction applied 
here. 
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Q. Why not? A. Because there is no indication in 
the instmment that it can hold any higher pressure and 
there is no indication of anything in the picture which 
tells me where this higher pressure is made before it is 
put into it 

Q. Does the patent indicate there is any pressure in 
this operation? A. Well, the patent does not say anything 
about pressure. 

Q. Now, at this velocity that you have mentioned be¬ 
tween 4.3 and 4.4 feet per second, and parenthetically I 
notice that that is even above the velocity range specified 
in the Lewis and Gilliland claims in issue, why is it that 
[Tr. p. 1483 the bed L remains a stationary jiggling bed 
and is not blown out through the top of the apparatus? A. 
Because the particles are too large. 

Q. How do these particles, which the patent describes 
as nut size particles, constituting the bed L, how do they 
compare in magnitude with the particles referred to in the 
claims here in suit which specify that the major portion 
shall pass through 100 mesh? A. Well, if I take one- 
quarter in<h as about 1 centimeter, there is 10 millimeters 
and therefore it is 10,000 microns, whereas the paiiicles 
which are considered in the Lewis and Gilliland case are 
about 100 microns, so you see the particles are about 100 
times larger than the particles considered by Lewis and 
Gilliland, which means of course that they have a volume 
which is one million times larger. 

Mr. Kenyon: I may say. Your Honor, that the 
Winkler, et aL, patent is a little bit more specific 
about the nuts than the Winkler patent. It calls 
them hazelnuts, so we got some hazelnuts and I 
would like to have the witness remind you about the 
size of hazelnuts. I guess you are familiar with 
them anyhow. * 

(The hazelnuts were handed to the Court) 
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[Tr. p. 1493 By Mr. Kenyon: 

Q. What size did yon assume for the particles in the 
Winkler patent? A. Oh, about 1 centimeter, a quarter of an 
inch, approximately, not quite. 

Q. That is about what size ? A. That is about hazelnut 
size. 

Q. About hazelnut size, and how much larger is that, you 
say, than the particles in the Lewis and Gilliland case? A. 
About 100 times in diameter, and therefore about one million 
times in volume. 

Q. In what? A. In volume, the volume of a hazelnut is 
about one million times larger than the volume of the 
particle in the Lewis and Gilliland case. 

Q. From what you have just said. Dr. Debye, can one 
tell by velocity alone what type of gas solid mixture will 
be present without knowing the particle size ? A. No. 

Q. Does the fact that the velocity used by Winkler in 
his bed L is within the broader range of velocities described 
in the Lewis and Gilliland application, indicate any simi¬ 
larity whatever between the two processes ? A. No. 

Q. Would the fuel bed L of this Winkler patent exhibit 
[Tr. p. 150] any of the disadvantages that are recited on 
pages 1 and 2 of the Lewis and Gilliland application? A. 
Yes, because Lewis and Gilliland talk there about dis¬ 
advantages of Regime 1 and this is Regime 1, and so it 
applies. 

Q. Would you indicate what those disadvantages of the 
Winkler operation are, as compared to Lewis and Gilliland? 
A. Well, we have this dense bed here, but in this dense bed 
the size of the particles is very large, so we don’t have a big 
surface as compared to the volume of the particles. Then, 
at the same time, we cannot pass through too much velocity 
of the gas, we have to be careful not to empty the bed be¬ 
cause we are in Regime 1. Then, since we are in Regime 1, 
we have a bed in which the particles are moving, oh, around 
their position in general and not going through the whole 
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bed, so there is not very much tnrbnlence in the bed, there 
is some turbulence but not comparable to the turbulence in 
the Lewis and Gilliland bed. 

Q. What effect has that on the uniformity of tempera¬ 
ture, or lack of it, in Winkler as compared with Lewis and 
Gilliland! A. There is a certain degree of uniformity even 
in this case, because there is the slow diffusion of particles 
through the bed, but the uniformity of temperature cannot 
be compared with the degree of uniformity reached in the 
[Tr. p. 151] case of Lewis and Gilliland. 

Q. The last clause of the claims in the suit requires that: 

‘<the minimum velocity of gasiform material 
employed within the range given being that sufficient 
substantially to empty said contacting zone of solids 
in the absence of continuous solids feed to said 
zone.” 

Is any such thing possible in the Winkler patent! A. No. 

Q. Why not! A. Well, the velocity of the gas is not big 
enough to empty the bed. 

Q. Why can^t it empty that bed! A. Because the 
particles are too heavy. 

Q. Now, will you turn to the Winkler patent, the Winkler, 
et aL, patent, 2411y579! 

Mr. Kenyon: This, Your Honor, is one of the 
patents that the Board of Appeals felt lay in the zone 
between the Winkler patent we have been talking 
about, on the one hand, and the Degnen patent on the 
other. 

This patent, I will briefly state, is directed to a 
coke gasification process very similar to the one dis¬ 
closed in the Winkler patent we have just been con¬ 
sidering. In this case, instead of relying entirely on 
air to maintain [Tr. p. 152] the boiling movement of 
the fuel bed, a portion of the gas that is formed by the 
reaction is recycled through the line 26 that you see 






ASS 


Peter Debye—For Plaintiff—Direct 

at the bottom and it is labelled ‘‘Recycled Water 
Gas.” 

In addition, the fuel is charged into the top of the 
gasification chamber instead of directly into the bed, 
and accordingly the fuel falls through the gasifica¬ 
tion chamber against the rising stream of gas above 
the coke bed. The bed is indicated at the bottom of 
the chamber below the solid line and air is said to be 
passed into this bed through the pipes which are 
marked “Oxygen containing gas.’^ The ash which 
is produced in the process is said to be in quite small 
pieces, about the size of hazelnuts and containing 
about 50 percent of coke. That is withdrawn through 
the worm conveyor 5 at the bottom. 

The specification says that the size of the grains 
of the solid fuels charged to the vessel preferably 
ranges between that of dust and particles of 10 milli¬ 
meters, 10 millimeters in one example, 5 millimeters 
in another. 

By Mr. Kenyon: 

Q. Now, Professor Debye, looking at the drawing of 
this device in Figure 1, the particles are introduced by that 
worm conveyor 11, toward the upper left side of the cham¬ 
ber, are they? A. Yes. 

£Tr. p. 153] Q. Now, what do the particles do, when they 
enter the chamber? A. Well, they are combinations of 
bigger particles and dust, and they have to fall through the 
opposing gas stream. Now, during their fall through this 
space, the dust is separated from the bigger particles, the 
bigger particles fall into the bed and the dust remains at 
the upper space. 

Q. Referring to the bigger particles that fall into the 
bed, how does their condition thereafter compare with 
lhat in the Winkler patent you have just been discussing? 
A. Just the same. 
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Q. What becomes of the dust that is carried into this 
device? A. Well, part of the dust is supposed to be burned, 
of course, but another part of it goes through tube 12 and 
enters then into tube 14 and is by this tube returned to the 
reaction space. There is the part which has not been 
reacted. 

Q. Is there any indication in this patent that any of the 
dust gets into the stationary jiggling bed at the bottom? 
A. No, no. 

Q. Would you say that this patent shows a stationary 
jiggling bed at the bottom and then a separate dust cycle 
overhead? [Tr. p. 154] A. That is an exact representation 
of the facts. 

Q. What kind of particles are in the stationary bed at 
the bottom? A. Well, particles which are so big tiiat they 
remain there and make a regime 1 bed. 

Q. And how are they removed after they have been 
treated? A. Oh, let me see. They can be taken out through 
5, where it says ‘ * Ash. ’ ^ 

Q. Does this patent specify the velocity of the gas pass¬ 
ing through the bed at the bottom? A. Well, it gives data' 
fron^ which it can be calculated. 

Q. It does not indicate the velocity in terms? A. No. 

Q. Have you calculated what the velocity would be in 
this device? A. Yes, I have. 

Q. And what is your conclusion? A. I find it is 4.3 to 
4.4 feet i)er second. 

Q. That is exactly the same as in the earlier Winkler 
patent? A. Yes. 

Q. And in making these calculation^' did you take into 
account a change in volume due to temperature? [Tr. p. 
155] A. Oh, yes. 

Q. Did you include the effect of pressure? A. No. 

Q. Why not? A. Because this figure shows even more 
clearly than the other case that there could be no pressure. 
There is a kind of water seal indicated in the figure, and 
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so if there were any pressure in it, it would have to be 
pressure against the water seaL Now, one more atmosphere 
would mean a seal of 34 feet, so it is very improbaMe that 
there is any pressure over atmospheric pressure. And 
then, there are a lot of places where the gases can escape, 
there is no provision for keeping the gases in and keeping 
the pressure. 

Q. There is no statement in the patent that it operates 
underpressure! A.No,oh,no. 

Q. I notice that on page 2 of the specification, column 1, 
lines 37 to 40, there is reference to a steam injection blower 
through which steam is supplied under a pressure of 3.5 
atmospheres. A. Yes. 

Q. Does that change your opinion at all with respect 
to tile question whether there is any pressure in this 
apparatus! A. No, in such a blower the pressure of the 
steam is [Tr. p. 1563 reduced to ordinary pressure in order 
to give the steam a big velocity, and this big velocity is. 
then used in order to bring the gases in. 

Q. It is merely a means for moving the gases in! A. 
Yes. - 

Q. It does not indicate any pressure in the apparatus! 
A. No, no. 

Q. On page 5 of the Exaniiner’s reply statement, Item K 
in the defendant's exhibit, the Examiner says of this 
Winkler patent: 

‘‘that the pressure there is probably much greater 
than 5 pounds per square inch since the steam in¬ 
jected at 29 is under a pressure’of 3.5 atmos¬ 
pheres’’- * 

‘ 'f 

Do you agree with that statement! A. No, because as I 
said, the steam is under pressure, then is expanded in 
order to give velocity to the atmospheric pressure to the 
steam, and then this velocity is used to impart velocity to 
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the gas in order to drag it in. That is the sense of an 
injector. 

Q. It does not imply that there is a substantial pressure 
in the vessel into which the gases are being injected? A. ^ 
No, no. 

Q. In the decision of the Board of Appeals in comment- 
[Tr. p. 1571 ing on this patent, page 6 of the decision, that 
is Item L in the defendant’s exhibit, the Board of Appeals 
says: 

“The Examiner has similarly calculated the gas 
velocity for Winkler, et aL, and found it to be .5 
and .6 feet per second.” 

There is an obvious discrepancy between the Examiner’s 
calculation and your calculation. Can you explain the 
difference? A. Obviously, I have looked into that. Now, 
say they had not applied the temperature correction which 
gave me the 4.3 and 4.4 feet per second. Then, I would have 
come out with 0.80 to 0.895 feet per second, and if I had 
failed to take into account the fact of the recirculated 
water gas, then I would have to reduce the figures to 0.48 
to 0.70 feet per second, so not taking into account the 
recirculated water gas and not taking into accoxmt the 
temperature, then I would come to figures like the figures 
of the Examiner. But if I take into account the recircula¬ 
tion and take into account the temperature, then I come to 
the high figures of 4.3 and 4.4, and I think I should do that. 

Q. You think that the Examiner was right or wrong in 
leaving those things out? A. Well, I must say he was 
wrong. 

Q. Then, the Board of Appeals goes further and says 
that: 

[Tr. p. 158] “The Examiner proposes a pres¬ 
sure correction and asserts that such pressure 
correction will put the gas velocity of the Winkler, 
et aL, patent within the claimed range. ’ ’ 
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Do you think that the Examiner was justified in proposing 
a pressure correction in this patent? A. No, I do not 
think so. 

Q. You have already given all your reasons for that? 
A. Yes. 

Q. Do you find anything in this patent which indicates 
that the size of the granules in the bed itself is any different 
from the size of the granules in the bed of the earlier 
Winkler patent? A. No, the descriptions are essentially 
the same. 

Q. Now, looking at the specification, page 1, colunm 1, 
there is reference in the second paragraph- 

, The Court: Are you referring to the second Wink¬ 
ler patent? 

Mr. Kenyon: Yes, the second Winkler patent. 
Your Honor. 

By Mr. Kenyon: 

Q. Page 1, column 1, beginning at line 4, there is refer¬ 
ence to earlier United States patents. Now, what type of 
bed is Winkler referring to there in that statement? A. 
He is referring to Eegime 1. 

Q. What is your conclusion as to the particular size 
[Tr. p. 159J of the particles that Winkler is using in his bed 
on the basis of the gas velocity that you have calculated 
for that bed, bearing in mind that this gas velocity is sub¬ 
stantially the same in the case of this Winkler patent as 
in the case of the earlier Winkler patent? A. Well, the 
particles must be such that they must be larger than par¬ 
ticles which would have a free fall velocity of 4.3 feet per 
second, because they stay in the bed. 

Q. Is your last answer consistent with the statement 
in the specification that the said material is fine grain “be¬ 
tween dust particles and 10 millimeters^’? A. It is con¬ 
sistent with it in this sense: That the dust particles in the 
material which is fed are not coming into the bed^ they are 
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By Mr. Kenyon: 

Q. Dr. Debye, the Board of Appeals apparently con¬ 
ceived that this patent was important, becanse they assnmed 
that the particle sizes in the bed were in the range of the 
Lewis and Gilliland claims. Now, first of all, do you agree 
that assumption is correct? A. No, because here I have two 
different places in the apparatus where reaction occurs, I 
have one place in the lower bed and in this lower bed I 
don’t have the range of particles; in the upper bed I may 
have this range of particles which is described in Lewis and 
Gilliland, but I don’t get the density, I don’t get the feed 
rate which is necessary. 

Q. Now, looking back at the introduction of the fresh 
feed material to the upper part of this reactor, considerably 
above the bed, with this type of feed, do you think that any 
material having a free fall velocity which is below the 
velocity of the gas passing upwardly through the vessel, 
would fall directly into the dense bed? A. No, no. 

Q. Can you calculate the size of the smallest particle 
[Tr. p. 162] that would descend to the bed? A. Yes, I have 
done so. Well, it is only an estimate since the viscosity of 
the gas at the elevated temperature of the reaction zone, 
having this composition, has not been measured, but using 
data from the literature, I find that, for example, assumii^ 
a velocity of 4.3 feet per second and a temperature of 9^ 
degrees Centrigrade and a density of spherical particles of 
1 .2, all particles with a diameter larger than onerh^ of a 
millimeter would descend to the bed. All particles smaller 
would be lifted, so we would have there a cut at pne-half • 
of a millimeter, 500 microns. , '. 

Q. Tell me approximately what mesh si^ corresponds 
to half a millimeter. A. About 50 mesh. 

Q. What does that mean, then, as to the smallest par¬ 
ticles that would be in the bed? A. Well, the smallest par¬ 
ticles in the bed would be, well, let us say, half a millimeter. 
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Q. They would range from that size up to 5 or 10 
millimeters t A. Yes. 

Q. Do yon agree with the Patent Office that the bed in 
this Winkler patent represents an operation which is dif¬ 
ferent from that of the earlier Winkler patent, on the one 
hand, and it lies in the scale of which the Degnen patent 
[Tr. p. 163] represents the other end? A. No, I cannot. 

•. • • 

Q. Dr. Debye, the Board of Appeals made the statement 
to wMdi the Conrt called yonr attention jnst a few moments 
ago as follows: 

* * It appears also that the Winkler, et aL, teachings 
as to sizes and gas volumes show a recognition of a 
contradiction to Stokes’ Law.” 

Do yon agree that that is an accnrate statement? A. I have 
tried hard to nnderstand that, bnt I really don’t understand 
why there should be a contradiction to Stokes’ law. I can¬ 
not understand this statement. 

Q. Do you think that the Board of Appeals was correct 
or incorrect in that statement? A. Well, talking about 
Stokes’ Law means really talking about a free-fall velocity, 
and there is always the question whether the velocity of the 
gas is larger than the free fall velocity of the particle, or 
smaller. Now, as soon as we talk about free fall velocity, 
then there is the possibility of calculating out this free fall 
velocity by applying Stokes’ Formula. There are cases 
where Stokes’ formula itself does not apply, where we have 
to have some- [Tr. p. 1643 thing which is a generalization 
of Stokes’ formula, but we always have to talk about a free- 
fall velocity. Now, if the statement of the Board of Appeals 
implies, that we should not talk about free-fall velocity, 
then I cannot understand it at aO. 

Q. Do you find anything in the Winkler patent that con¬ 
tradicts Stokes’ Law? A. No. 


\ '/V- 
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Q. Do yon understand that it depends upon the opera¬ 
tion of the free fall velocityf A. Yes. 

Q. Now, on the last page of its decision, the Board of 
Appeals says that it is of the opinion that this Winkler 
patent discloses operations substantially within the terms 
of the claims. Do yon agree with that! A. No, I,cannot 
agree with that 

Q. Will yon explain yonr disagreement? A. Well, in 
this case, we have, first, to realize that the reaction is going 
on in two different parts of the system, there is one lower 
bed and one upper reaction space. They are different 
points in space, located at different points in space. So, if 
I take, first, the lower part of the reaction space, that is the 
bed, then it certainly does not fall within the claims of Lewis 
and Gilliland. Lewis and Gilliland says the velocity should 
be between 0.3 and [Tr. p. 165] 2.3 feet per second and 
should be sufficient substantially to empty the contacting 
zone. 

Well, there is no talk about that here, the particles are 
so big that they cannot be taken out of the zone by 4.4 feet 
per second, so this is certainly not what is in the claim. 

Then, the claim says the particles which are fed should 
have a certain distribution of size, even within a certain 
range. This range describes particles which are mudi 
smaller than the particles in the lower bed, particles in the 
bed, as we saw before, have to be, well, larger than half a 
millimeter. 

Then, it says in the claim that we get a very dense highly 
turbulent bed. Well, this is turbulent to a certmn extent, but 
it has only the turbulence of Begime 1 and not the extremely 
high turbulence which you find in the bed of Lewis and 
Gilliland. So, there is no question, in my opinion, that the 
lower bed certainly does not fall under these claims. 

Well, then, there is the second part in the space where 
we have the dust and where the dust is reacted.: Well, 
certainly the dust, we could accept that the dust falls in 
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size definition within the range defined here, and we can 
also say that it is fed continnonsly. Bnt, what about the 
feeding being so much that we get at least 6.6 percent by 
[Tr. p. 166] volume? 

Well, you have seen in my answer where I tried to make 
the density as high as possible, make extravagant supposi¬ 
tions, and then I could not get larger than 1 percent by 
volume. So, certainly the density in that space is much less 
than the minimum density which appears in the claim of 
Lewis and Gilliland. 

Q. On page 2, column 2, line 36 of this Winkler, et aL, 
patent, it refers to the fact that the temperature in that 
lower bed “measured optically, is only from about 50 
degrees to 80 degrees Centigrade higher than the average 
temperature in the layer of coke.” I beg your pardon, the 
difference is between the temperature of the oxygen which 
enters the layer of coke and that which is the average tem¬ 
perature of the layer of coke. 

Would you say, from your knowledge of the Lewis and 
Gilliland process, that a temperature difference of 50 to 
80 degrees Centigrade in different portions of the bed, 
would be considered a slight temperature difference? A. 
Well, if we compare this difference with the differences 
which we can get in the Lewis and Gilliland bed, then I 
must not call it a slight, but a big difference. 50 to 80 de¬ 
grees Centigrade, which means something like 90 to 145 
degrees Fahrenheit, is very large compared to about 
5 degrees Fahrenheit, and that is the difference in tem- 
|Tr. p. 167] perature which we find generally was in the 
bed of Lewis and Gilliland. 

I may make reference to an article of Mickley and 
Trilling, Industrial and Engineering Chemistry, where are 
repeated experiments of the type of Lewis and Gilliland 
with beds of different sizes, ranging from 400 mesh to 30 
jnesh, and where the difference in temperature between dif- 
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ferent parts of the bed was always less than 6 d^e^ 
Fahrenheit 

Q. Six degrees! A. Six degrees Fahrenheit, instead of 
90 to 145 degrees which we talked abont b^ore. I trans¬ 
lated degrees Centigrade into degrees Fahrenheit 

Q. What is the reason for that uniformity of tempera^ 
tore in the Lewis and Gilliland bed! A. Well, the hig^ 
degree of tnrbnlence is the reason. 

Now, I can still add something else in the same article 
to which I already made reference, the artide of Mattox, 
he says, and this is on page 477: 

< <In the regenerator of a commercial unit, as mnch 
as 400 million B. T. nnits per honr may liberated, 
yet the temperature in the regenerator seldom varies 
more than 5 degrees Fahrenheit from top to bottom, 
even though the catalyst bed may be 20 feet deep 
and up to 55 feet in diameter.” 

And that is certainly a much better distribution of tem- 
[Tr. p. 168J perature than you refer to in the bed. 

Mr. Kenyon: Now, 1 will pass to the Odell patent, 
Your Konor, Patent No. 1,984,380, that is Item F in 
Defendant’s Exhibit No. 1. 

Now, referring to Figure 1 of this patent, it 
describes a process for treating what Odell calls 
crushed solids with duids such as gases. He refers 
to a variety of operations of that sort. As shown 
in this drawing. Figure 1, the crushed solids are fed 
in from a hopper 4 shown at the upper leftrhand 
comer, into the vessel 1, and you may see them in 
that broken portion. 

• ' • ' • 

Crr.p.l693 Q. Dr. Debye, does Odell spedfy in Hs patent 
the size of the particles whidi he uses in the proves! A.. 
Yes, I have found three places in the patent where he talks 
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about sizes. In the case of coal, he says his particles are 
^ inch in diameter, on page 1, colnmn 2, line 8: 

“If the particles are all nniform in size, ^ inch 
in average diameter’’- 

Then, page 2, colnmn 2, lines 5 and 6, he says, the snitably 
crushed coal: 

inch or larger or smaller average size and 
preferably uniformly sized”- 

Then, on page 3, column 2,' line 53: 

“The average size of the solids—coke or the 
equivalent—should be small, preferably less than % 
inch; the % inch average diameter is highly satis¬ 
factory.” 

Q. Does Odell give the velocity of the fluidizing medium 
to be employed in the process? A. Well, Odell speaks about 
different velocities. [Tr. p. 170] He speaks about a lifting 
velocity and he speaks about a suspending velocity. Now, 
what he means by lifting velocity is the velocity which is 
necessary to fluidize his bed, that is, meaning to give to his 
bed the type of motion which is a quicksand motion. By 
suspending velocity, he means the velocity which would be 
necessary in order to support a single particle free in the 
current of gas or air, which is much larger, of course, than 
the lifting velocity which he defines as the fluidizing velocity. 

Q. What is the range of gas velocity to which Odell is 
limited in his patent? A. Well, tibat depends on the size 
of his particles. He has one example where he talks about 
sand. 

Q. I am not speaking of feet per second, but in terms 
of this lifting and suspension velocity that you referred to. 
A- Oh, he must always be below the suspending velocity, 
because if he goes above the suspending velocity, then he 
blows his particles out. 
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Q. Well, what does he say abont blowing his particles 
out? A. Well, he do6s not. 

Q. I call yonr attenetion to page 5, colnnm 2, line 42. 
A. Well, he speaks there of his particles in the bed having 
physical properties of the motion similar to those of [Tr. 
p. 171] a boiling liquid, and then follows that up by saying: 

“The particles are not entrained’^- 

which means that the particles are not leaving the bed but 
are staying in. 

Q. So, the suspension velocity that he defines here is the 
upper limit of his velocity? A. The upper limit, he could 
not go above and have at the same time no entrainment 

Q. That is his upper limit, and what is his lower limit? 
A. Well, the lower limit is the limit in which he just begins 
to get his vibratory motion which makes dead sand go over 
into a quicksand. 

Q. What does he call that, what term does he give to 
that? A. Lifting velocity. 

Q. Is the suspension velocity much greater than the 
lifting velocity? A. Oh, yes, especially for his big particles. 

Q. What would be the order of magnitude of this dif¬ 
ference between the lifting velocity and the suspending 
velocity in an air stream of particles, say for example, % 
inch in diameter? A. Well, I calculated out if I had a 
spherical particle of % inch, what would be the suspending 
velocity, [Tr. p 172] and then it comes out to be 29 feet per 
second. 

Q. And what would be the fluidizing velocity or lifting 
velocity? A. Well, in this case, it would be something of 
the order of 1 foot per second. 

Q. This formula that appears on page 5 in the first 
column, has that mathematical formula got a name or source 
to it? A. Yes, that is the formula which is really due to 
Newton in which you calculate out what the drag on a 
particle would be if it was in a stream of very high velomty. 
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so this formnla gives you the suspendiiig velocity of the 
particle, in case you believe that you can calculate the force 
of the particle from this formula which goes back to Newton 
and which holds for high velocities, for velocities much 
higher than the velocity in the Stokes’ formula, at least 
approximately. 

Q. The Board of Appeals refers to this mathematical 
formula at page 4 of its opinion and draws certain con¬ 
clusions. I will read a paragraph from that page of the 
Board’s opinion: 

^^On page 5 Odell discusses the phenomena in¬ 
volved giving a mathematical formula for the velocity 
of the gas required to maintain solid particles in the 
fluidized state. However, it [Tr. p. 173J is noted 
that at the bottom of the first column of page 5, Odell 
states ‘velocities much greater than lifting velocities 
can be used with satisfactory results.’ 

“It appears that appellants’ claims are restricted 
to a velocity somewhat greater than lifting velocity.” 

Would you now tell us, from your examination of the 
Odell patent, whether the Board was right or wrong in any 
one of those statements, and why! A. Well, I am afraid I 
must say the Board is wrong, because in this statement 
there is just the point that—^there is a difference between 
lifting velocity and suspending velocity which is not recog¬ 
nized. For instance, this first statement, Odell gives the 
formula for the velocity of the gas required to maintain 
solid particles in the fluidized state. I cannot agree with 
this statement. This formula does not say what the velodty 
must be in order to keep the particles in ^e fluidized state. 
It tells us what the velocity has to be in order to keep a 
particle suspended; in order to keep the particles in the 
fluidized state, we have to use a much lower velocity. So, 
I am very mudi afraid that the Board has not made the 
right distinction between suspension velocity and lifting 
velodty. 
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Q. Now, take the last sentence that I read: 

P?T. p. 1741 appears that appeOants’ claims 
are restricted to a velocity somewhat greater than 
fitting velocity.’’ 


Now, is that an accurate statement against the background 
of Odell’s definition of the lifting velocityt A. No, ho, no. 
Lewis and Gilfiland must have a velocity hij^er tl^ sus¬ 
pending velocity, because they must have a velocity which 
is good enough to blow all the partides out of the reaction 
space. 

Q. And in Odell, is the velocity of the gas capable of 
doing thatf A. No, OdeH must always be below the sus¬ 
pending velocity in order to have ho entrainment as he 
says, he does not want to have. 

Q. Now, just to make the point perfectly clears is the 
velocity that is set forth in the Lewis and 6KlfiIand dmms 
above or below the suspending velocity of the partides 
defined in the claim? A. It is above ^e suspending ve- 
lodty. It must be, in order to be able to blow the particles 
out ' 

Q. And is the velocity in Odell capable of blowing the 
partides out? A. No, he does not want them to blow out, 
he says he does not want any entrainment 

Q. Now, there is an example at the top of column 2 
P?r. p. 17^ on page 5 of this Oddi patent that I beHeve 
is referred to by the Board in tiie sentence whidi imme¬ 
diately follows the one winch I quoted above. What is the 
gas velodty in that example calculated from the figures 
given? A. I calculate just the same vdodty, 0.fi feet per 
second. 

Q. 0.8 feet per second. Now, is this velodty within the 
range spedfied in the Lewis and Gilfiland dahns in suit? 
A. Well, it .is as a velodty, but here it is the flnidignTig 
velodty, which means that It is the velodty necessary to 
bring tl^ big particles into a bed which is absolutely in 
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Begizne 1 and certainly not good enough, in this case, to blow 
all the particles out. 

Q. Now, considering that Odell is referring here to a 
bed of sand, what would be . the characteristics of the bed 
under the OdeU disclosure with that velocity of gas passing 
through itf A. This bed would be quicksand, just a 
Begime L 

Q. Are you able to calculate from these data here what 
the size of those sand particles would be in order to operate 
as Odell describes? A. Well, with respect to experimental 
results, the size will be something of the order of 1 milli¬ 
meter. 

Q. About 1 millimeter? £Tr. p. 176] A. Yes. 

Q. Can you translate that into mesh size? A. Well, 
what is it? 

Q. I think you told me about 20 mesh. A. Well, maybe. 
Yes, between ^ and 10 mesh. 

Q. And none of the material in that case would be 
entrained, according to Odell’s disclosure? A. No. 

Q. Bo you agree with the statement of the Board of 
Appeals that the Odell patent describes a process for treat¬ 
ing larger size particles than those contemplated-by the 
Lewis and Gilliland application? A- Certainly, yes. 

Q. Do you agree with the Board of Appeals that this 
OdeU process lies between the extreme limits represented 
by the WinMer patent, on the one hand, and the Degnen 
patent on the other? A. No, 1 do not. 

Q. Where do you think it belongs? A. It belongs to 
Begime L 

The Court: Belongs to what? ; 

The Witness: Begime 1, the quicksand. 

By Mr. Kenyon: 

Q. That is the Winkler patent, it belongs with the 
Winkler patent? CTr. p. 177] A. Yes. 
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Q. Will you refer to page 4 of this patent, column 2, 
beginning at line 12, what does that paragraph mean to 
you with respect to the type of particles? A. Well, here 
I am told that the relative size and density of the different 
particles has considerably to do with their location in the 
fluidized mass. Now, that is just a typical thing for Begime 
1, in this fluidized mass, as we have seen in the experiment 
a few days ago, heavier particles are falling down and 
lighter particles are coming up, so that there is a segrega> 
tion, and in referring to this segregation, Odell defines 
again his bed as belonging to Begime 1. 

Q. What consequences flow from that with respect to 
the temperature uniformity in the bed that you haye dis¬ 
cussed? A. Well, here we would expect again these dif¬ 
ferences of about 100 degrees Fahrenheit, instead oi^ the 5 
degrees Fahrenheit which we get in the case of Lewis and 
Gilliland. 

Q. Bo you consider that this Odell patent discloses the 
invention defined in the claims in suit? A. No, no. 

Q. Why not? A. Well, since this is the bed acting 
within, well, in Begime 1, I have particles which stayed 
there, which are not [Tr. p. 178] entrained, so I certaMy 
have not a case in which I am feeding continuously material 
from one side and entraining it out in the other side. 

Q. What about the matter of particle sizes as compared 
with those in other claims? A. Well, particle sizes are 
defined here as y% of .an inch, % of an inch, certainly they 
are far away from the range of sizes which are considered 
in the Lewis and Gilliland case, and then there is, of course, 
also the difference that in the Lewis and Gilliland case, we 
have this high degree of turbulence with the small tempera¬ 
ture differences, whereas here we have a limited degree 
of turbulent particles which are vibrating around their 
position, a characteristic of quicksand. 
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pDr. p. 1793 Q. The Board of Appeals said in their final 
comments about Odell, page 4 in their opinion: 

“A determination of the particular gas velocity 
and the size of particles is not considered to be of 
inventive significance.” 

From your examination of this subject matter, Dr. Debye, 
what is your opinion concerning that statement? A. Well, 
I would not want to make a statement about inventive sig¬ 
nificance, because I am no expert in that, but what I can 
say is this: If you have a certain size of [Tr. p. 1803 Par¬ 
ticles, that is not enough; if you have a certain velocity, 
that is not enough; you have to have both things adjusted 
to each other in a very definite way, expressed in this Claim 
33, in order to get the Lewis and Gilliland bed. 

Q. Now, with respect to the Degnen patent. No. 2,305,569, 
whidi is Item B in the Defendant’s Exhibit No. 1,1 do not 
think it is necessary to describe this structure in any detail, 
because the Board of Appeals said of the patent, at page 
7 of the decision, near the top of the page: 

“The patent to Degnen describes very mudbi 
higher velocities than those contemplated by appel¬ 
lants, and this patent therefore appears to be an 
illustration of the type of procedure wherein the 
solid particles are carried along witii the gas at sub¬ 
stantially the same velocity.” 

The Court: Mr. Moore, are you relying at all on 
this patent? 

Mr. Moore: Only to the extent that the Board 
relied upon it. Your Honor, I accept the Board’s 
analysis of the patent as fixed. 

lie Court: Very welL 

Mr. Kenyon: I will just nail down one or two 
points about this patent. 


" • ' ’ ' '*■ . ’ •’"' ■/ " '"' ' ' " '^t ! 
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Q. In which of the regimes to which you have been 
CTr. p. 181J referring in your testimony, woidd you place 
the Degnen patent? A. Definitely Regime 2. 

Q. Is this an operation in which high gas velocity is 
employed? A. Yes. ■ 

Q. What specific gas velocities are mentioned by the 
patentee? A. Well, on page 3, column 1, lines 45 to 52, it 
says: . .' . 

*^The velocity of the suspension, in the modifica¬ 
tion shown in Fig. 1, must be at a rate sufficient to 
maintain the solid particles in suspension, and a 
range of velocities from 50 feet per second to 400 
feet per second are satisfactory..' Usually velocities 
ranging from 130 feet to 250 feet per second are 

; USed.^’ ■; ;v i 

Q. Now, I will go to the Muller patent. No. 1,810,055, 
which is Item E of the Defendant’s Exhibit No. 1, and in 
that same connection, we will consider the British patent 
which is Item D. c 

Mr. Kenyon: The United Statesipatent and the 
corresponding British patent describe, a process for 
effecting interaction [Tr.. p. 1823 between a gas and 
. subdivided solids. The United States patent con¬ 
tains no drawing of equipment for carrying out the 
. ; : process, but the British counterpart has a dray^g 

illustrating equipment capable of use in one ^sug- 
gested mode of operation. These p^nts suggest 
various alternate modes of effecting the interaction 
between the gas and solid. One mode of operation 
proposed is to pass the gas upwardly through a 
vertical tube containing the solids at a velocity nicely 
adjusted, so that the solid particles are .caused .to 
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float in the gas without any vertical movement with 
respect to the wall of the tube. In this case, the 
solids float in the gas until their reactive capacity 
is exhausted, whereupon the velocity of the gas is 
increased until the solids are blown out, after which 
fresh solids are added and the process is repeated 
in intermittent batch fashion. 

There is also a suggestion that, instead of the 
intermittent operation, the process may be carried 
out in such manner that the dust or fog zone existing 
in the reaction tube may be caused to ascend in a 
‘‘steady and gradual manner’* and be replaced by 
solids introduced at the bottom. 

Finally, it is suggested that the walls of the tube 
may flare outwardly to increase the diameter at the 
top, so as to reduce the velocity of the gas and to 
prevent escape of the particles from the top of the 
vessel 

It is that type of structure that is illustrated in 
the [Tr. p. 1833 British counterpart. 

By Mr. Kenyon: 

Q. Now, Dr. Debye, referring to the first type of opera¬ 
tion, that is the batch operation where Muller indicates 
that the reaction vessel is to be in the form of a cylinder 
of uniform diameter, do you understand that the particles 
will be of substantially uniform size? A. They have to 
be, yes. 

Q. How does Muller describe the size of his particles? 
A. WeD, on page 1, line 61, he says: 

“The invention consists in bringing the gas and 
the atomized particles together in such a way that 
these particles are retained in suspension, their 
transportation is prevented”- 

so he talks about atomized particles. 
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And then, on page 1, line 84, he says that; ■ . 

“the operation can also be carried on in snch a 
way that the ascending movement of the dnst or fog 
zone’^- 

so there, he calls his particles in the dispersion, dnst or fog. 

Q. What size would you understand to be intended by 
that language? A. Well, I have looked up how dust is 
defined, and I find in the book of Philip Drinker and Theo¬ 
dore Hatch about Industrial Dust, the McGraw-Hill Book 
Company, New York, 1936, [Tr. p. 184] on page 56, what is 
generally called dust. It turns out that the median size of 
dust particles is 1.3 microns, 1.3 thousandths of a milli¬ 
meter. 

Q. Now, in order to suspend such particles in a cylin¬ 
drical vessel open at the top and prevent their transporta¬ 
tion out of the top of the vessel, as this patent says in the 
section that you read, what order of magnitude of velocity 
of gas would be involved? A. Well, to keep a particle of 
1 micron diameter suspended, the velocity of the gas must 
be Just approximately one ten-thousandth of a foot per 
second, so the gas would take ten thousand seconds to go 
one foot. 

Q. How long does the Muller patent indicate that these 
fine particles are retained in suspension in the reactor? A: 
Well, until their reactive capacity is used up. 

Q. The patent also described a continuous operation in 
which the velocity is somewhat increased. 

The Court; Wliat are you reading from now, Mr. 
Kenyon? 

Mr. Kenyon: This is the second ex^ple wluch 
begins at line 81 in the second colunm of this patent, 
page 1, “Instead of this intermittent system of work¬ 
ing’^—and so forth. 

The Court: Very well, yes, I see. 
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Q. Do you understand that in the continuous operation 
which is described at that point, that it is Muller’s purpose 
[Tr. p. 185] to nevertheless retain the particles in the 
reactor until they have been exhausted, that is, their reactive 
capacity has been exhausted? A. Do you mean to speak 
now of this second possibility ! 

Q. Yes. A. Well, the second possibility wants the 
particles to go to the reactor space so slowly that when they 
reach the upper end of it, they have exhausted their 
capacity. 

Q. Now, bearing in mind the size of the particles, could 
the velocity of the gas be substantially increased above the 
free-fall velocity of the particles, while still keeping the 
particles in the reactor long enough to exhaust their reactive 
capacity? A. Well, it all depends on what you call sub- 
stantial. Now, you see, if I had a particle which is 1 micron 
in diameter and it has a free-fall velocity of one ten-thou¬ 
sandth of a foot per second, and I want to let it go through 
the reactor with a certain velocity, then I have to be above 
one ten-thousandth of a foot per second. How much I have 
to be above, well, that gives the rate of velocity with which 
the particle moves. So, if I would take two ten-thousandths 
of a foot per second—supposing that is possible—^then it 
would go through with one ten-thousandth of a foot per 
second velocity, because that is one ten-thousandth more 
than its free-fall rate. 

Q. Now, if the reactive life of the particle were [Tr. p. 
186] substantial, what would that mean with respect to the 
length of the vessel that you would have to use to employ 
the Muller process? A. Well, the length of the vessel 
would have to increase, of course. KI have a given time of 
reaction and I want the particle to be exposed during that 
time, then I have to give it enough length to do that, and 
the longer this length is, the faster the particle can go. 
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Q. You said the free-fall velocity of this particle 
1 micron in diameter was on the order of one ten-thousandth 
of a foot per second. A. Yes. L3 ten-thousandths of a foot 
per second. 

Q. Now, suppose you wanted to keep that particle in 
intact with the gas for one second, how long a pipe would 
you have to have? A. Well, that depends on Ae velocity 
of the gas. 

Q. Well, you can work that out, can’t you? A. Yes, well, 
certainly. Well, it depends on what you want to do. If you. 
push your gas through with 1 foot per second, then the 
particle is also going approximately 1 foot per second. 
Then, you have to have a pipe of 1 foot. 

Q. So, how long would you have to have this thing to 
keep the particle and the gas in contact for 1 second? A. 
Just 1 foot in this case, approximately 1 foot, a little bit 
more because the particle is falling at one [Tr. p. IST] ten- 
thousandth of a foot. 

Q. Does the Muller patent indicate whether it is its 
purpose to mix the materials, the solids and gases, violently 
or to maintain them substantially quiescent with respect to 
one another? A. Oh, substantially quiescent 

Q. Where do you find that? A. Well, I find it in the 
British patent, for instance, that is on page 1, line 70, where 
he talks about regulating the gas current: 

<<in such a manner that the material remains 
substantially stationary with respect . to said 
chamber”- 

It refers to the first mode of operation. - ^ 

Q. Now, turning to the form of apparatus whi^ is up- 
war^y fiared, what advantage does he ascribe to ^t 
operation? A. Well, he thinka It will be hard to make 
particles which are all the same size, so he may have a 
mixture in which different sizes occur, and he still wants 
this mixture of different sizes to stand still, stationary, in 
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Ms chamber, so what he does is to flare the walls so that 
he has a larger velocity in the lower part and a smaller 
velocity in the npper part and, therefore, can keep different 
sizes of i)articles stationary at different levels. 

Q. Does that prodnce a stratification? [Tr. p. 188] 
A. Oh, yes. 

Q. According to sizes? A. Yes; yes, if it can be done 
at alL 

Q. Now, if he had tnrbnlence in tMs bed, wonld that 
defeat the purpose? A. Well, if he had enough turbulence, 
then it would defeat the purpose. 

Q. Does tMs patent describe to you, or suggest in any 
way, the formation of a dense turbulent bed? A. No, no. . 

Q. I notice in Ms description of the flared vessel, near 
the top of page 2, beginning with line 5, he says: 

*<By this means any escape of the uppermost 
particles is reliably prevented, and they re-descend 
in the more slowly moving gas currenl” 

What does tMs indicate to you as to the order of magnitude 
of the velocity of the gas that he uses? A. Well, if he wants 
to keep dust, that is particles of 1 micron diameter station¬ 
ary in the upper part, then Ms velocity in the upper part 
cannot be more than about one ten-thousandth of a foot 
per second. 

Q. What does he mean by saying that any escape of the 
uppermost particles is reliably prevented, does that mean 
there is entrainment or no entrainment? A. No entrain¬ 
ment. If he says they cannot escape, that [Tr. p. 189] means 
they cannot go with the gas current and so the TnaviTmiTn 
velocity the gas current can have is the free-fall velocity. 

Q. Dr. Debye, the claims in suit all call for a TniniTmiTn 
velocity of the gas wMch shall be sufficient substantially 
to empty said contacting zone of solids in the absence of 
continuous solid feed to said zone.” Does Muller disclose 
such an operation? A. Well, you might say that he does it 
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in the case where he empties, where he lets the particles go 
with'the current, because there he has a velocity larger 
than the free-fall velocity. 

Q. In that case, isn’t he introducing new materials at 
the bottom! A. Oh, yes, yes, 

Q. Now, suppose those materials were cut off, would he 
still be driving off the materials at the top! A. Yes, be¬ 
cause he has a volodty larger than the free-fall velocity. 

Q. Does he describe that in connection with his batch 
operation! A. No, not in connection with the batch opera¬ 
tion. 

Q. Does the character of the suspension differ materially 
as between the batdi operation and the continuous opera¬ 
tion! Al. No, no. 

[Tr. p. 190J Q. In both cases, what do you understand to 
be the density of the suspension! A. Oh, well, since he 
calls it a dust or fog, if I want.to be very lenient, then I 
would say the density is certainly less than one-tenth of 
a percent by volume. It will be much less than that, it will 
be perhaps one hundred times less. 

Q. Whereas, all of the claims in suit are limited to a 
density which is in excess of 6.6! A- 6.6 percent. 

Q. Now, taking the United States and British patents 
together. Dr. Debye, do either of them disclose or suggest 
a velocity within the range of the Lewis and Gilliland 
claims! A. Well, they do not mention velocities, but if we 
talk about dust, then I mention velocities, then we have to 
take the velocities just so that you can suspend the particles, 
if you do that, you have velocities of this small order of 
magnitude, one ten-thousandth of a foot per second. 

Q. Do either of them disclose or suggest a turbulent bed 
of solids and gas! Au No. 

Q. Do either of them suggest particles within the range 
defined in the Lewis and Gilliland claims! A. No, they 
certainly don’t give the range of Lewis and Gilliland. 

Q. In what regime do you place this Muller patent! 
[Tr. p. 1911 Al. Oh, definitely Regime 2. 
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Q. Do you agree or disagree with the Board then, when 
they say that the Muller patent described an operation be- 
^een the extreme illustrated by the 'WinMer patent, at one 
end, and that represented by the Degnen patent,'at -the 
other? A. No, it is definitely in Eegime 2. 

Q. So, you classify this with Degnen? A- Yes. 

Q. Now, go to the Huppke patent. No. 2,231,424, which 
is Item C in Defendant’s Exhibit No. 1. 

• • • 

Mr. Kenyon: Your Honor, we have here an appa¬ 
ratus which is presented to show this dust or fog 
that is produced by the mixture of air, air current, 
and particles of the order of size of 1 micron. I 
believe these particles are between zero and 10 
microns. 

• • • 

[Tr. p. 192] Mr. Kenyon: But, those small par¬ 
ticles, when they are together in there, tend to agr 
glomerate into pellets and you have to have a jet of 
air to tear these tiny little particles away from the 
pellets, and then they go up into this apparatus 
where they are allowed to separate, the larger ones • 
from which they have been tom away, fall back, and 
the tiny particles of less than 10 microns rise through 
here and you saw what came out of the top, it just 
looked like smoke or fog. 

Now, that is presented merely to illustrate what 
Muller has been talking about as dust or fog, and 
what the Huppke patent relates to, an entirely dif¬ 
ferent order of magnitude from the particles that 
are involved in the Lewis and Gilliland case. 

(The demonstration was concluded.) 

Mr. Kenyon: This Huppke patent relates to a 
hydrocarbon conversion process in which hydrocar¬ 
bon vapors are reacted in a mixture with very minute 
particles of catalyst. 
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Eeferring to the drawing, the catalyst is injected 
into the stream of vapors or gases to be reacted 
through the injector 16 which yon see at the bottom 
y of the drawing. The resnlting suspension flows up¬ 
wardly through the reaction chamber 18, which is 
housed in a heater 10. The whole apparatus is housed 
in this heater 10. The suspension of reaction prod¬ 
ucts and catalyst flow from the reaction chamber into 
a separator [Tr. p. 193] where the catalyst is sepa¬ 
rated from the gaseous reaction products, the gases 
going out through the top. The separated catalyst 
drops into a storage hopper 19 and is again injected 
into the stream of gases to be treated. It is indicated 
that the separated catalysts may be regenerated be¬ 
fore being reinjected into the gases to be reacted. 

By Mr. Kenyon: 

Q. Now, Dr. Debye, does this Huppke patent specify 
the size of the particles of solid which he uses in the process t 
A. Well, he says something about it on page 2, column 1, 
line 47 and following; 

“According to this invention the catalyst powder 
should be very fine, preferably of less magnitude 
than the mean free path of the activated molecules 
of gas at reaction temperature.*’ 

Now, I don’t know whether you want to extend the ques¬ 
tion also to the patent of Huppke et aL 

Q. Not at the moment. A. Not at the moment, all right. 
So, he defines his particles as very fine and in order to 
characterize how small they are, he says they should be of 
the order of the mean free path of molecules. 

Q. Now, what is meant by that phrase, “less magnitude 
than the mean free path of the activated molecules of gas”? 
A. Well, the air here in this room, for instance, consists 
FTr. p. 194] of molecules, they are going around with big 
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velocities, velocities of the order of the velocity of sound, 
a few hundred meters per second. Now, going around this 
way, there is one particle which hits another, then it goes 
a certain distance and hits a second one. This distance be¬ 
tween one hit and the next hit is called a free path length 
and the average length of this is the mean free path length. 

Q. What does it mean in mches? A. Well, I have ex¬ 
pressed it in microns. I have looked it up for different 
gases, and for helium, for instance, it is .18 micron, some 
eighteen hundredths of a micron. 

Q. Less than one-fifth of a micron? A. Oh, yes, and 
in air, it is still smaller, .06 micron. 

Q. Still smaller. A. And for methane, it is still smaller, 
.049, or .05. 

Q. CH 4 ? A. That is methane. 

Q. Then, these particles he is talking about must be 
rather small A. Yes. 

Q. Does Huppke specify the velocity of the gas which 
passes through this reaction chamber 18? A. Well, in a 
certain sense, he does. 

Q. He does not give it in figures? A. He does not give 
it in figures, but he specifies that [Tr. p. 195] the gas 
velocity must be such as to blow the powdered catalytic 
material through the reaction chamber and that means, of 
course that the velocity of the gas must be larger than the 
free-fall velocity. 

Q. Does the patent have any information in it on which 
the actual velocity of the gas passing through the reactor 
can be calculated? A. No, I cannot find it. 

Q. Does Huppke specify the amount of solids contained 
in suspension in the reaction chamber 18? A. Well, he 
gives an example on page 2 , column 2 , he talks at that place 
about: 

“a space velocity in the order of 30,000 to 40,000 
cc. of gas per cc. of powdered catalyst per hour ’ ’-. 
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Q. That means he has thirty to forty thonsand times as 
many volumes of gas as of catalyst powder? A. Yes. 

Q. Now, if the operation were carried out as described 
by Huppke with that proportion of gas and solids in the 
type of apparatus illustrated in his patent, how would the 
velocity of the gas passing through the reactor 18 compare 
with the velocity of the solids passing through 18 ? A. Well, 
the velocity of the gas is always larger than the free-fall 
velocity of the particles, and if it were [Tr. p. 196] sub¬ 
stantially larger, that is, if it is substantially larger than one 
ten-thousandth of a foot per second, then the particles are 
going to move substantially with the same velocity as the 
gas, and then we can conclude that the density in this space 
is of the order of one part in 30,000 in volume. 

Q. Now, considering the size of the particles that Huppke 
employs, would you think that the velocity of the gas pass¬ 
ing through the reactor would be substantially the same or 
substantially different from that of the solids passing 
through? A. No, I would think that it is substantially the 
same, because the difference between the two is only one 
ten-thousandth of a foot per second. 

Q. How would you describe the resulting suspension of 
solids and gas in this case? A, Very thin suspension. 

Q. In what regime do you classify this? A. Regime 2. 

Q. Now, you have just seen this demonstration here, how 
does the smoke or fog that you saw coming out of it, com¬ 
pare with what would be produced in this Huppke system? 
A. Well, it would be substantially the same. 

Q. Now, the Huppke patent refers at one point, and the 
Board places emphasis on this, to the fact that there was 
substantial settling of the particles with respect to the flow 
of gas. Can you estimate what the velocity of the gas 
would pPr. p. 197] have to be in this case in order to permit 
any substantial settling of the particles? A. Well, as a 
physicist, I have to first define what I am going to call sub- 
stantiaL Now, let us say I want the particles to settle with 
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respect to the gas with one percent of the velocity of the 
gas. Then, the gas shonld have a velocity of abont one 
one-himdredth of a foot x>er second, becanse then the gas 
wonld go with one hnndredth of a foot and the particles 
wonld go with one hnndredth of a foot minns one ten- 
thonsandth, and one ten-thonsandth is one percent of one 
hnndredth. 

Q. Wonld yon consider that a velocity of one one- 
hnndredth of a foot per second is feasible for carrying ont 
commerdal operations t A. No. 

Q. What wonld be the volnme x>6rcent of the solids in 
this operation in whi<di 1 cc. of powdered catalyst is nsed 
with 30,000 cc. of gasf A. Well, one part in 30,000, so there 
is one three-hnndredth of a percent. 

Q. How does this comi)are with the TniniTmnw density 
in the Lewis and Gilliland claims t A. There, it is 6.6 per¬ 
cent, and so we have here abont, well, let’s say 2,000 times 
less, 1,800 times less. 

Q. Yon mean that the density in the case of the Hnppke 
[Tr. p. 198] patent is 1,800 to 2,000 times less than the 
minimnm density of Lewis and Gilliland? A. That is jnst 
what I mean. 

Q. Now, similarly, I wonld like to ask yon how does the 
velocity of one one-hnndredth of a foot per second, which 
yon stated wonld be the velocity in Hnppke at which one 
percent settling conld be achieved, how does that compare 
with the TniTiimiiTn velocity in the case of Lewis and Gilli¬ 
land? A. In the case of Lewis and Gilliland, the minimnm 
velocity is three-tenths of a foot, that is three hnndred 
times one hnndredth, so there it is three hnndred times 
more than this one hnndredth of a foot per second of which 
yon are talking. 

I think I have not answered this correctly. I made a 
wrong calcnlation in my head. Three-tenths of a foot is 
thirty hnndredths, and so it is not three hnndred times more, 
bnt thirty times more. 




A113 


Peter Debye—For Plaintiff—Direct 

Q. So that the velocity in the Hnppke case is one 
thirtieth of the TnininniTn velocity of Lewis and Gilliland! 
A. That is right. 

Q. Now, referring again to this passage in the Hnppke 
patent, it is at page 1, colnmn 2, line 20, Hnppke says: 

<*TMs rate of gas flow might be snch that there 
is a tendency of the catalyst to settle snbstantially 
with respect to the moving gas so that there is a 
[Tr. p. 1993 relatively long period of treatment ’ *—— 

Do yon believe that, by that statement, the patentee meant 
that he contemplated an operation in which the catalyst 
wonld settle with respect to the walls of the vessel? A. No, 
no. It is only settling with respect to the gas stream, that 
is always so, becanse the velocity of the particle is always 
somewhat less than the velodly of the gas stream, the 
difference being Ihe free-fall 

Q. Now, from yonr examination of the Hnppke patent, 
what wonld yon say wonld be the maximnm velocity at 
which Hnppke conld operate and get any snbstantial set¬ 
tling of the catalyst with respect to the moving gas! A. 
Well, thinking of particles of 1 micron and defining sub¬ 
stantial as 1 percent, the way we did it before, then he 
wonld have to operate at one hundredth of a foot per second. 

Q. Is there any information in this patent which might 
suggest that the gas can pass through the contacting zone, 
that is the reaction chamber 18, 'at a velocity greater than 
the velocity of the moving particles by a difference which 
is more than the normal free faU velocity of the particles 
themselves! A. No. 

• • • 

[Tr. p. 20(^ Q. Now, the Board of Appeals in commenting 
on this patent, said: 

‘^It appears to ns that the phenomena of settling 
referred to by Hnppke wonld be impossible to attain 
if Stokes’Law applied directly to snch a system.” 
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appears to ns that the first mentioned of the two 
expedients is substantially that contemplated by 
appellants’^- 

that is Lewis and Gilliland. 

Now, do you concur in that conclusion ? A. No, no, no. 

Q. Will you explain why not? [Tr. p. 202] A. Well, in 
this case, the Board of Appeals talks about settling of the 
particles with respect to the moving gas. Now what the 
patentee wants is that his particles in one case at least 
move with the gas in such a way that he has time enough 
for the reaction, in another case he wants his particles to 
stay quiet in the gas in order that they remain there the 
time which is needed for the reaction, and then he is going 
to push them out again. 

Now, if I look at this process and compare it with the 
process of Lewis and Gilliland, then I have first to say that 
here in this case I have a dispersion, a very dilute disper¬ 
sion in which I can, of course, briug in particles at one side 
and bring out particles the other side, but I am not going to 
have anything corresponding to a dense bed. In the case of 
Lewis and Gilliland, I want to have a dense bed and want 
to put in particles in such a way that I have to have a small 
feed rate and, although I have this small feed rate, I can 
keep up a very high density. 

There is no question of very high density in this case. 

Of course, in both cases, particles enter on one side and 
go out on the other side. But that is true in all cases, 
because as soon as I have an established system, I have 
always to have particles which come in on one side, go out 
on the other side, so it is not a question of having particles 
coming in and going out. The question is how many par¬ 
ticles have I [Tr. p. 203] to bring in on one side in order to 
keep up a certain amount of density in my system. 

Now, we have seen before, that this amount of density 
which I can acquire in the case of this patent is not to be 
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compared with the density I can obtain in the case of Lewis 
and Gilliland. And then, of course, there is the question of 
this high turbidity, this high irregular motion in the case of 
Lewis and Gilliland, but there is no question here of this 
kind of thing, where I have segregation of particles depend¬ 
ing on their size and depending on the velocity, which I 
don’t have in the case of Lewis and Gilliland. 

Q. In this Huppke patent, do you understand that the 
particles are of substantially uniform size, I think that is ' 
stated in the specification. A. Yes, yes. 

Q. Page 2, column 1, line 55: 

« 

“The catalyst preferably should be uniform in 
size to insure uniform travel and avoid tendencies 
of larger particles to settle out”- 

A. Yes. Well, this is again a thing which is very different 
from the Lewis and Gilliland case. 

Q. You Imve used the word “turbidity”, does that mean 
the same thing as turbulent? A. That is not the right word 
to use, I was just a little bit fast there. I should have said 
turbulent motion, I meant [Tr. p. 2043 fo indicate it was 
that, but it is not the right word. 

Q. Dr. Debye, I understand from you that the particles 
described by Huppke are on the order of 1 micron or there¬ 
abouts in diameter. Now, if one were to feed such particles 
in the Huppke system, what would be the practical result of 
the using of these very fine particles? A. Well, if I use 
these very fine particles and I have velocities higher than 
one ten-thousandth of a foot per second they go through the 
apparatus essentially with the velocity of the gas. 

Q. Is there any mechanical consequence, in the sense of 
pelleting of these very fine particles? A. Oh, yes. The 
question is, of course, how can we get those particles into 
ihe gas stream, as you indicated when you were talking 
about this experiment 
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Q. Have you observed the fact that those very fine 
particles- A. Oh, yes. It is hard to disperse. 

Q. Let me finish the question. Have you observed the 
fact that these very fine particles present this mechanical 
diflSculty in feeding? A. I have. 

Q. How would you describe it? A. Well, they ball up 
to small pellets. 

Q. And what is necessary to redistribute them in their 
[Tr. p. 205] fine form? A. You can do it, for instance, 
the way it is done there, by letting a very strong current of 
gas, a very fast current of gas fall upon those pellets, then 
they are dispersed. And Huppke, in the following patent, 
talks about velocities which he has to reach which are higher 
than sound velocity, in order to get to this dispersal effect. 

Q. What does that indicate to you, again, as to the size 
of the particles that he is dealing with? A. Well, they 
must be very smalL They have such a large surface com¬ 
pared to their volume that the surface forces keep them 
from getting apart. They have to put a lot of strain on them 
in order to separate them. 

Q. What is that other Huppke patent that you have 
mentioned? A. Well, it is patent, let me see. No. 2,364,145. 

Q. How does that compare in its disclosure of apparatus 
and procedure with the Huppke patent you have just been 
referring to? A. Well, it is just the same thing, only he 
says here that he has a lot of trouble getting his small 
particles into the dispersed phase; and, therefore, he is now 
using another method of dispersing the particles, but other¬ 
wise it is the same. 

Q. What does he achieve by his method, how does he 
[Tr. p. 206] describe the resulting dispersion? A. He 
sometimes talks about it as a smoke or an aerosol 

Q. A-e-r-o-s-o-1? A. Yes, yes. That is on page 1 of his 
patent, line 27. 

Q. What is aerosol? A. Well, it is a dispersion of very 
fine particles in air—aerosol, in air—and which acts like a 
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solution of those particles in air because they are so small 
that they don’t fall very fast. 

The Court: Is that one of the patents relied upon 
by the Patent OflSce? 

Mr. Kenyon: No, it is not, sir. 

Mr. Moore: No, Your Honor. 

The Court: I don’t find it in here. 

Mr. Kenyon: I am referring to it because it is 
a parallel Huppke patent used to construe the one 
that is relied upon by the Patent Office. 

Mr. Moore: Used by plaintiff to construe. 

Mr. Kenyon: That is right. 

The Court: Very welL 

Mr. Kenyon: Now, will you refer to the Tyler 
patent. No. 1,798,857, that is Item O in Defendant’s 
Exhibit 1. 

Your Honor, this is a patent relating to the cal¬ 
cination of gypsum to drive off a certain amount of 
water which is normally contained in the gypsum. 
The drawing of the patent [Tr. p. 207] that we are 
most concerned with is Pig. 2. 

Now, there the raw gypsum is introduced through 
the hopper 10 to a screw conveyor 11, which is de¬ 
signed to compress the gypsum. The flights of the 
screw, you see, get closer and closer together towards 
the right-hand end, so they compress the gypsum and 
force it towards the right through a passage of 
uniform diameter. Now, there where the gypsum 
leaves this screw under compression, a stream of 
steam is introduced into it, which has the function 
of loosening the gypsum up and . giving it a fluid 
characteristic so that it may be readily moved by 
the pressure behind^ it up through the pipes 15 c. in 
the heating .chamber, and then over to the vessel 16 
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where the gas is removed and the calcined gypsum 
is dropped into another worm conveyor 12a. 

• • • 

Q. Now, Dr. Debye, perhaps you would indicate in some¬ 
what greater detail the part of this apparatus that is inter¬ 
esting to us, the part that is shown in Fig. 2 here, where 
the steam enters the body of gypsum. A. Well, yes. The 
steam, that is superheated steam, which comes in there 
makes out of the finely divided powder of the gypsum, 
makes, oh, what he calls the free-flowing liquid. That 
means he puts this powder in the form of a quicksand in 
order that he can move it more easily through the pipes, 
pushing it through, the incoming powder, and through 
the screw. 

[Tr. p. 208] Q. Does he contemplate any suspension of 
the particles? A. No; no, he does not contemplate that. 

Q. I call your attention to page 3, column 1, lines 23 to 
29 of the patent. A. Well, he says there: 

‘‘Suspension of the solid particles in the fluid is 
not necessarily a part of such fluidizing action; the 
finely divided solid may be fluidized—the mixture 
made free flowing—^by use of a much smaller pro¬ 
portion of fluid—gas, in this case—than is necessary 
if the solid is to be carried or blown along in sus¬ 
pension.’^ 

So, what he contemplates is putting much less gas in it 
than is necessary for suspension. He just puts as much in 
that so he gets what we call in the other patent, the lifting 
velocity. 

Q. This is even below the suspending velocity? A. Oh, 
yes, yes. 

Q. And much further below the entrainment velocity? 
A. Well, yes. 
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Q. Does the patent describe the size of the particles 
employed? A. Well, I have found one indication of size 
and that is on page 2, column 1, lines 60 to 64, where he 
says: 

“After the gypsum is initially ground to what 
may be called fine size—^fine enough that it may be 
[Tr. p. 209] fluidized and mobilized by a stream of 
gas through a heating and calcining chamber^’-. 

Q. Nothing more definite? A. Nothing more than that, 
so he wants his particles to be small enough so if he puts 
probably a small velocity of gas through, they are going 
to take up the form of quicksand which he can move more 
easily. 

Q. He eliminates some of the friction that otherwise 
would be present? A. Oh, yes. 

Q. Does the patent anywhere specify the velocity of this 
fluidizing or mobilizing gas? A. Well, not that I know of. 

Q. Is there any reference to the apparent density of the 
material in the calcining chamber, that is, the particle 
volume relative to the total space? A. No, no. 

Q. Do you understand that it is the gas that provides 
the forward movement for this material? A. No, that is 
not in this patent, because he uses two terms, he uses the 
terms “fluidize’^ and “mobilize^^ And what he really 
wants is to eliminate the friction which an ordinary powder 
would have, by fluidizing it, by making it free-flowing and 
then pushing this whole powder in this fluidized state 
through the whole iustrument by pushing more material 
into one £Tr. p. 210] side by a screw. 

Q. Is the velocity of the gas passing through the cal¬ 
cining chamber sufficient to empty the calining chamber in 
the absence of continuous feed of solids? A. No, no, no. 

Q. What is relied upon to push the material tiirough 
that chamber? A. Well, the feeding of new material on 
the side where the screw is. 
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Q. If you stop that, what would happen to the material 
in the chamber? A. Well, it would just sit there. 

Q. The Board of Appeals in commenting on this Tyler 
patent stated that Tyler contains no distinct statement as 
to gas velocity or to volume density of the solid. Do you 
agree with that finding? A. Yes. 

Q. The Board also said as follows: 

“We are of the opinion that it would be a matter 
of mere experimentation to determine a gas velocity 
which would sufficiently carry the solids through the 
treating zone at such a rate of speed as to attain 
adequate time of contact.” 

What do you think about that statement? A. Well, it all 
depends on what we call experimentation. [Tr. p. 211] Of 
course, if I am going to experiment and let this experimen¬ 
tation mean that I am going to change my instruments, 
that I am going to change my apparatus, well, then, of 
course, I can do anything. Then, I can also build an appa¬ 
ratus like the apparatus of Lewis and Gilliland and I can 
make the Lewis and Gilliland bed, so I don’t think that this 
statement is very clear. 

Q. Let me ask you this; Is there any suggestion here of 
using a gas velocity which would be sufficient to empty this 
chamber in the absence of a feed of fresh material? A. 
There is no suggestion at all about that. 

Q. Do you consider that this patent contains any teach¬ 
ing with respect to the invention of the Lewis and Gilli¬ 
land claims? A. No. 

Mr. Kenyon: Now, I am going to come to the 
Carpenter patent. No. 2,259,486, which is Item A in 
Defendant’s Exhibit 1, and this is the last of the 
eight patents that the Patent Office relied upon. 

The patent relates to a process for cracking oil in 
the presence of the powdered catalyst, but the par- 
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ticnlar invention described and claimed deals with 
. the removal of residual oil which remains on the 
catalyst following separation of the catalyst from 
the oil vapors, so that the patent seems to be ad¬ 
dressed to a subject matter quite remote from what 
we are here concerned with. 

[Tr. p. 212] Q. Now, Dr. Debye, the Board of Appeals 
said of this patent that it is silent as to gas velocity or 
size of catalyst particles. Is that the fact? A. That is 
right. 

Q. That being so, do you find any possibility of a sugges¬ 
tion of the Lewis and Gilliland invention in this patent? 
A. No possibility, no. 

Q. Is there any information in this patent from which 
the velocity of the gas passing through the reactor can be 
computed? A. No, I could not do that, I don’t have the 
information in there. 

Q. Does the patent contain a disclosure of introducing 
finely divided solids at a rate sufficient to replace solids 
removed therefrom and maintain a dense bed of highly 
turbulent mixture of finely divided solids? A. No, I don’t 
find any such disclosure. 

Mr. Kenyon: That is all there is about that 
patent. Your Honor. I have just a few more ques¬ 
tions for this witness. 

By Mr. Kenyon: 

Q. The Examiner discussed Stokes’ Law in his state¬ 
ment and took the position that Stokes’ Law is not appli¬ 
cable to systems of the type covered by the claims in suit, 
and in support of that jwsition he referred to a book by 
Professor Gaudin [Tr. p. 213] of M. I .T., entitled ‘‘Prin¬ 
ciples of Mineral Dressing.” In response. Professor Gau¬ 
din made an affidavit which was filed in this case, refuting 
the position taken by the Examiner. . 
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Now, Dr. Debye, have you read Professor Gaudin’s affi¬ 
davit? A. I have read this affidavit very carefully. 

Q. And do you agree with it? A. I agree with Gaudin 
in every respect. 

Q. Would you outline the points? A. Well, the points 
are, first of all, we want to say that everything depends on 
the free-fall velocity. Secondly, we want to know how can 
we calculate this free-fall velocity. Then, Gaudin says in 
order to calculate the free-fall velocity I can begin by 
applying Stokes* equation. And then, after he has done 
that, he asks himself, now, if the conditions are not as 
\ nice as has been supposed in arriving at this equation, what 
IS to be the result of the deviations. Then, he comes to the 
conclusion that all the possible deviations he can think of 
in the prior art will give a smaller free-fall velocity, that 
the particles will fall slowly. It is just the opposite of what 
we see in the case of Lewis and Gilliland. So, he savs 
according to the prior art it is absolutely impossible to 
think of anything in this range of thinking which is going 
to explain Lewis and Gilliland. 

Q. Just by way of summary, the Board placed the first 
Winkler patent at one end of the scale as illustrating the 
[Tr. p. 214] stationary vibrating bed. Now, which of the 
patents that you have discussed would you place at that 
same end of the scale? A. Well, the Winkler patent, for 
instance. 

Q. The Winkler patent? A. Yes—do you want all of 
them? 

Q. Yes, I would like to put these patents where they 
belong. A. Well, the Winkler patent and Winkler, et al. 
patent; well, then, of course, I have to talk about the Tyler 
patent, because the Tyler patent is a fiuidized bed Begime 1. 

Q. I think you can leave Tyler and Carpenter out, for 
the same reason the Board of Appeals left them out, and 
just turn your attention to the four patents which the Board 
of Appeals stated it concluded belonged in between Winkler 
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on the one hand, and Degnen on the other. A. Well, 
certainly, if I may take them in the order I have them here, 
then we mnst say that the Mnller patent, the British patent, 
and the Huppke patent are in Regime 2. 

Q. You classify those with Degnen? A. Yes. Then, 
we have the Odell patent and the Winkler patents and they 
are all characteristic of Regime 1. 

Q. Now, have yon. Dr. Debye, worked out in your own 
mind a method for contrasting these patents of Regime 1 and 
Regime 2 with the Lewis and Gilliland invention? If so, 
would [Tr. p. 215J you please state it? A. Yes, I have done 
so. I think if we don’t look too much at small details, there 
are two main questions. There is first the question, do we 
have a bed, yes or no. Secondly, do we have entrainment 
of the raw material which is in the bed, yes or no. So, 
these are the main questions which have to be answered. 

Now, since I have two questions with two answers, yes 
and no, I have four possibilities in which I can make com¬ 
binations. I can first have the combination yes-no, which 
means in this case yes, we have a bed but we have no entrain¬ 
ment. Then, I am in Regime 1. 

I can have the combination no-yes, I have no bed and 
just entrainment and nothing else. Well, then, we are in 
Regime 2. 

Now, there are two more combinations left, we could 
have no-no, well, that is of no importance, we have no bed 
and no entrainment, so we have nothing at all. 

Then, we can have yes-yes, and that is just the thing 
which Lewis invented. Then, we have a bed and in this bed // 
we have entrainment of the total material which is in the 
bed. At the same time as we have the bed, this material is 
also entrained, not a part of it, the whole. 

As far as I can see, these are the only possibilities. But 
they are different in kind, if we say the answer no-yes is 
different in kind from the answer yes-no, then the third 
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answer [Tr. p. 216] yes-yes is also different in Mnd from 
the two others. 

• • • 

[Tr. p. 218] Q. Dr. Debye, in discussing what the Board 
of Appeals had said about the Huppke patent, you made 
some comment about one set of conditions wherein the 
particles might stand still with respect to the vessel Do 
you want to make any correction in your testimony at that 
point? A. Yes. At that moment, just for a second, I was 
confusing the Huppke patent with the Muller patent and I 
want to say that what I said about the particles standing 
still was really of importance only to the Muller patent. 
The rest of my statement remains just the same. I wanted 
at that point to make clear what the tremendous difference 
[Tr. p. 219] is between the dispersed state of the solid 
matter in the case of the Huppke patent and the very con¬ 
densed dense phase with high turbulence in the case of 
Lewis and Gilliland. 

Mr. Kenyon: Your witness. 

Cross-examinaiion by Mr. Moore: 

• • • 

[Tr. p. 221] Q. Now, directing your attention again to the 
original specification, did not Lewis and Gilliland in that 
specification indicate that they could operate with very 
coarse particles? A. Could you indicate to me where you 
think they indicate very coarse particles? 

Q. Yes, I will be glad to. On page 9, the final line. A- 
Can I read what I see here? 

Q. Surely. A. ‘‘A series of tests were conducted in 
which air was blown up through a cylindrical chamber and 
a pulverized acid activated clay was supplied to the bottom 
of the chamber. This clay powder contained particles of 
widely varying size, the finest being very small (below 5 
microns), and also some very coarse particles.” 
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Q. That reference is in connection with an experiment 
[Tr. p. 222J that is set forth under example one, isn’t itT 
A. Yes. 

Q. Now, do not Lewis and Gilliland indicate that they 
can operate with catalyst particles as large as 10 mesh or 
larger? A. I don’t think they say that. I think they say 
they have, for instance, in Claim 33, a mixture of particles 
in which some large particles can occur. But they define 
their mixture in Claim 33 very distinctly. 

Q. You understand, don’t you, the difference between 
the specification and the claims? A. Oh, yes, yes. 

Q. The claim is a definition of the invention? A. Yes. 

Q. The specification is a description? A. Yes. 

Q. In the description, don’t you find a reference to the 
use of particles of 10 mesh or larger? A. Well, hut not 
alone. 

Q. You do find that particles of 10 mesh or larger in a 
mixture may be used? A. Yes, but they are in to a very 
small extent. 

Q. Now, I call your attention to page 16 of the original 
specification and ask you to point out there where it is 
said that the particles of 10 mesh or larger may amount only 
[Tr. p. 2231 fo ^ small extent. A. I see on this page only 
the description of the treatment of the regenerated 
catalysts. 

Q. Yes, but using the catalyst particles. A. Yes. 

Q. And there is a reference, isn’t there, in the same 
paragraph to the same fact that the particles may also 
range from 200 to 400 standard mesh or even finer? A. On 
the same page? 

Q. The same paragraph I suggested, the same para¬ 
graph. A. On page 14? 

Q. Page 16. 

Mr. Kenyon: You are referring to the top of 
page 17, now? 
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Mr. Moore: Yes. 

The Witness: Oh, !• see, 17. Yes, I see this sen¬ 
tence where it says: 

While catalyst particles as large as 10 mesh 
or larger may be nsed, much smaller sizes are 
preferred and the catalyst is preferably gronnd 
to a fine powder having a particle size from 200 
to 400 standard mesh or even finer.” 

By Mr. Moore: 

Q. Yes, and it is also stated in that same paragraph, is 
it not, in the sentence previous to the one yon read, [Tr. 
p. 2243 J 

^‘The catalyst may be in powdered, granular or 
molded form”-? 

A. Yes. 

Mr. Kenyon: Do you want to complete that sen¬ 
tence? 

Mr. Moore: Oh, yes. 

“and is preferably in the form of particles 
of very small size.” 

The Witness: Yes. 

By Mr. Moore: 

Q. Now, you have referred to the curves shown in 
Figures 1 and 2, have you not? A. Yes, I have. 

Q. And you find in Figure 2, particularly, indications 
of the use of velocities of 5 feet per second and of 7.8 feet 
per second? A. Yes. 

Q. And do you find in the specification supporting ref¬ 
erences for those curves? A. In the specification? 
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Q. In the specification. A. Well, those cnrves are nsed 
in order to make the specification. 

Q. The specification does contain supporting state¬ 
ments ? £Tr. p. 2253 A. Oh, yes, yes. 

Q. Now, you have indicated, I believe, that the claims 
make reference to a ratio of 6.6 percent by volume of 
solids? A. Yes. 

Q. Don’t you find in the specification references to a 
ratio running as low as 3 percent? A. Yes. 

Q. And you find references to ratios running as high 
as 15 i)ercent? A. Yes. 

Q. Even higher? A. Yes. 

Q. Now, you did, if I understand your direct testimony 
correctly, investigate a plant that was in operation at 
Bayway, that is a plant of Standard Oil Company of New 
Jersey? A. Yes. 

Q. Now, was it true that in that apparatus, the dense 
body of solids extended approximately two-thirds of the 
way up the height of the reactor? |T?r. p. 2263 A. I did not 
investigate that. 

Q. Did the dense body extend to the top of the reactor? 
A. I don’t know, because I did not look into that. 

Q. Isn’t it true in such installations that the dense body 
of solids does extend approximately two-thirds of the way 
up the reactor? A. I would not know all the factors which 
exist, because I have not made a survey of all the different 
factors. 

Q. Well, limiting your consideration to such an installa¬ 
tion as there was at Bayway, is it true? A. I would thiTik 
that the only thing I could say is that it might be possible, 
whether it is true for Bayway or not, I do not know. 

Q. Is it characteristic of such installations as those at 
Bayway, that the dense body of solids extends below the 
top of the reactor? A. Yes, to a certain extent, it is. 
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Q. Would you be willing to accept this statement in 
Plaintiff ^s Exhibit No. 7, that: 

‘‘The cracking reaction reaches its height in the 
bubbling and boiling mass of catalyst powder which 
fills two-thirds of the reactor’’! 

A. You want me to read that! 

[Tr. p. 227] Q. No, I say would you accept that as a state¬ 
ment! A. Oh, yes; oh, yes. 

Q. Now, will you refer to Figure 3 of the application! 
A. Yes. 

Q. Isn’t it true that in the apparatus shown at the right- 
hand side of that figure, the body of solids extends the height 
of the reactor chamber! A. Well, I would not know whether 
this indicates the exact way in which the body is distributed 
in the material there. There are a lot of little lines giving 
the impression, which you say, that the whole thing extends 
over the whole body, but I don’t know whether that was the 
intention to picture it just that way. 

Q. Well, you would get the intention, wouldn’t you, from 
the specification! A. Not intention, but impression. 

Q. Well, you would get the description from the specifica¬ 
tion! A. From the specification, I derive the existence of 
an intention to show that there is a dense bed which changes 
into a less dense part in which we have entradnment, that is 
my impression I get from the specification. 

Q. Will you refer to the specification! I call your atten¬ 
tion to the paragraph beginning on the bottom of page pPr. 
p. 228] 17. Read it, if you will 
Q. Let me ask you the questions. 

• • • Do you not find that the reaction space there is 
defined as being: 

“bounded by the plate 3, the vertical walls 1 of the 
reaction vessel and the plane of the top 7 of tins 
vertical wall”- • ' 

A. Yes, tlmt is right. 
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Q. Now, directing yonr attention to the final paragraph 
on page 18, don’t you find a reference to the annular 
[Tr. p. 229] casing 6, and the statement that it: 

“serves to reduce the upward velocity of the 
vapors and to permit separation of catalyst there- 
fromu” 

A. That is right. 

Q. That construction in which the reaction- occurs 
throughout the entire space in the reaction chamber and the 
use of the annular casing, is not characteristic of such in¬ 
stallations as those at Bayway, New Jersey, is it? A. No. 

Q. Do you have available to you there a copy of the 
Winkler, et aL, patent? A. Yes, I have. 

Q. Now, in the two figures of that patent, is there not a 
legend over the hopper 9? A. I did not understand what 
you said. You refer to hopper 9 and you said there is a 
legend? 

Q. I will reframe my question. In Figures 1 and 2 of 
the Winkler, et al:, patent, you find over the hopper 9 a 
legend reading “Finely divided solid fuel.” A. Yes. 

Q. That legend adds to the description of the specifica¬ 
tion? A. Yes. 

Q. Now, do not the patentees Winkler and Linckh de- 
[Tr. p. 230] scribe the recirculation of dust through the 
conduit 12, the cyclone separator 13, and the duct 14? A. 
They do. 

Q. So the dust that enters through the duct 14 does 
enter close to the bed that is indicated, for instance, in 
Figure 1? A. Yes, it is indicated that it enters just above 
the bed. 

Q. The bottom of the duct is on the same level as the 
indicated level of the bed? A. Yes, and the upper part is 
higher. 

Q. You and the Examiner disagree as to the velocity 
in the Winkler, etaL, process? A. That is right 
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Q. Yon suggested, I believe, figures of the order of 
4. feet per second! A. 4.3 to 4.4 feet per second. 

Q. Whereas the Examiner suggested values of the order 
of .5 and .6 feet per second? A. Yes. 

Q. The Examiner suggested a correction for pressure, 
didn’t he? A. Yes, he did. 

Q. You had prepared your figures on the basis of a 
temperature correction? ITr. p. 231] A. Yes. 

Q. Now, isn’t it,true that it would require appreciable 
gas pressure to force the gas through the bed of solids as 
indicated in Figure 1 of the Winkler, et aL, patent, through 
the conduit 12, through the cyclone separator 13? A. Well, 
especially the bed, some pressure up there. 

Q. Appreciable pressure? A. Well, it all depends on 
what you call appreciable. How many percent do you want ? 

Q. Let’s say the matter of pressure is not a negligible 
factor? A. May not be a negligible factor. 

Q. Pressure has some influence? A. Oh, yes, but you 
have to go to twice the pressure in order to get the volume 
half as large. 

Q. In studying the Lewis and Gilliland application, 
didn’t you give some consideration to the amendment that 
was filed about August 16, 1946, and particularly to page 
22 of that amendment, the first paragraph, where references 
are made to gas velocities in the "V^nkler, et ^ patent? 
A. Yes, I have read this part before. 

Q. Didn’t you question your own calculations when you 
found there lliat it was steted that the gas velocity cal¬ 
culable from data given in example one is .14 feet per 
second, while [Tr. p. 232] that calculable from Figure 2 
is .16 feet per second? A. Yes, but in general I try to be 
independent of any other man and try to see what the 
factual data are and then, from the factual data, I draw my 
own condusions. 

Q. The figures given there, are below those set forth in 
the^claims? A. YeA 
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Q. Such claim as Claim 33, for instance! A. Yes. 

Q. Now, do not Winkler, et aL, on page 1 of that patent, 
the first column, beginning about line 37, refer to the 
“movement of the fine<grained glowing layer of fuel’’! 
A. Yon are referring to page 1! 

Q. Page 1, the first column, beginning at line 37. A. Yes. 
Do you want me to read that aloud! 

Q. Isn^t it true that there is a reference there to the 
movement of the fine-grained bed! A. Yes. 

Q. Is there a turbulence in that bed! A. There is a 
certain amount of turbulence in this bed, yes. 

Q. In fact, the layer of fuel is in a whirling motion, isn^t 
it! A. The layer of fuel is in a motion in which the 
particles are, for the most time, making only motions around 
[Tr. p. 233] a fixed position and then go slowly from one 
point to another point, like in a diffusion process. 

Q. It is described in the specification, I call your atten¬ 
tion to page 2, the first column, beginning at line 10: 

“in whirling motion up and down.’’ 

A. Yes, yes. 

Q. And in the next column, the same page, there is a 
reference to “vigorous boiling movement” at line 15, isn’t 
there! A. Oh, yes, yes. 

Q. Now, Figure 1 of that Winkler, et aL, patent shows, 
does it not, the introduction of oxygen containing gas 
through pipes 7! A.' Yes, it does. 

Q. Isn’t the temperature at that point due to the intro¬ 
duction of oxygen! A. You mean because the oxygen 
combines with the carbon of the bed, we are going to have 
a chemical reaction and so we make heat. 

Q. You will have heat at that point! A. At thAt i)oint 
and other points where there is still oxygen to be burned. 

Q. Let’s refer to the OdeU patent. There is shown in 
Figure 2, is there not, a system where the material to be 
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treated is recirculated from reactor 1 to tower lA: and 
[Tr. p. 234] ba<^t A. Yes. 

Q. The bed at the right of Figure 2, which is denoted 
by reference No. 2, overflows through that valve conduit 
8 A, does it not? A. That is right. 

Q. It flows into the tower lA and solids may be reintro¬ 
duced into the reactor 1 through the valve conduit 8? A. 
That is right. ‘ ■ 

Q. You get a continuous circulation? A. Yes. •• 

Q. And the gas exerts a lift on the particles, which 
forces that circulation? A. Yes, that is right. 

Q. And that process is describe is it not, on the fifth 
page of the patent, the second column,, being the third com¬ 
plete paragraph? A. Which line do you refer to? 

Q.. Beginning at line 17. A. Yes, that is right. 

Q. Now, on the same page 5, the same Odell patent, yon 
find, do you not, at the very bottom of the first columi^ 
beginning at line 73- A. Yes^ I have it. 

Q. You find a statement there of lifting velocity [Tr. 
p. 235] —^necessary fluidizing velocity. A. Yes. 

Q. And you also find a reference there to the fact that 
OdeU may operate with velocities much greater than lifting 
velocities? A. I find this reference. 

Q. There is no doubt in your mind, is there, that Odell 
operates with velocities of the order of .8 feet per second? 
A. No, at least in his case where he speaks of sand. 

Q. There is a definite indication there? A. Yes. 

Q. And in their experimental work as indicated under 
example one of the Lewis and Gilliland application, Lewis 
and Gilliland were operating with powdered catalysts? A. 
Clay, yes. , 

MM * * * * ^ 

Q. Clay. They were just using laboratory apparatus 
and forcing the clay through at varying gas velocities? A. 
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Q. Now, doesn’t Odell say at line 44 on the second 
colmnn of page 5 of his patent, that his fluidized mass has: 

**a density much greater than that of the same 
aeriform fluid with entrained i)articles of the same 
Hnd of solid”? 

A. He does. 

[Tr. p. 236] Q. And doesn’t he, at line 61, differentiate 
his fluidized mass from other forms of suspensions? A. 
He does. 

Q. So, OdeU does have a suspension, he has a suspension 
that is denser than prior suspensions, is that true? A. No, 
I would not put it that way, prior suspensions. K you 
would want to call them suspensions, they can be in 
Begime 1 where we have a fluidized mass, and they can be 
in Begime 2 where you have an entrained mass. Now, I 
have avoided calling those two things wiffi the same name 
of suspension, but what he is doing here, he calls also the 
fluidized dense bed, which is only in vibrating motion, he 
calls that also suspension. I have avoided that, in order 
just to be clear about the whole thing. 

Q. If Odell has a susx)ension, he does not have a dilute 
suspension? A. That is right. 

Q. Let us return momentarily to that Winkler, et aL, 
patent. Isn’t it true that particles are continuously being 
added to the bed through the conveyor 11 and the duct 14 
and being continuously withdrawn by means of the con> 
veyor 5 and by the gas stream? A. I would not put it that 
way, because in the case of Winkler, I have really two dif¬ 
ferent spaces and so I don’t want to talk about providing 
particles to one b^; [Tr. p. 237] because there is one lower 
part whidi does not contain the dust and an upper part, 
an upper reaction space which contains the dust. There¬ 
fore, I have to make a distinction and cannot talk about one 
single bed. 







A135 


Peter Dehye—For Plaintiff—Cross 

r Q; Dost is being supplied throngb conduit 14, as yon 
said before, the top of the bed as indicated! A. Well, 
conduit 14 provides ‘particles for the upper part of the 
reactor. 

Q. Let’s phrase it this way: Isn’t it true that particles 
are continuously being supplied to tiie chamber through 
the conveyor 11 and the conduit 14? A. I would agree with 
■»> that. 

Q. And they are being removed from that chamber 
through the conveyor 5 and the gas stream? A. And the 
conduit 12, yes. 

Q. Yes. Now, let me call your attention to the Muller, 
et aJL, patent. No. 1,810,055, which is the United States 
patent rather than the British equivalent. Now, isn’t it 
true that Muller, et aL, have taken pains in their specifica¬ 
tion, particularly in the paragraph that begins at line 28, 
in the first column, to point out what is old in the art'as of 
the time they filed their application? A. They take pains to 
consider what I think is old in the art, yes. 

Q. They refer there to the particles which they would 
[Tr. p. 238] treat as being carried away from the reaction 
space'by the energy of the gas current? A, That is right. 

Q. They would improve upon such a process, isn’t that 
true? A. They want to improve on such a process. 

Q. Now, in the continuous process that they describe in 
the second column of page 1, beginning at line 81, the solid 
particles are steadily and gradually displaced upwardly, 
are they not? A. Yes. 

Q. They avoid, do they not, rapid transportation of the 
solid particles? A- Well, they adjust their gas current. 

Q. I don’t understand you. A. They adjust their 
velocity of the gas current. 

Q. And they deliberately prevent a quick transporta¬ 
tion of the solid particles tiirough the reaction zone? A. 
That is right. 
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' Q. And they thereby increase the residence time of the 
solid particles in the reaction zonef A. That is right. 

Q. Now, referring to the Britisli equivalent of that 
i Muller patent, you do find a reference, do you not, to the 
' gas hindering the material being treated from falling 
through [Tr. p. 239J the chamber in which the reaction is 
i taking place? A. I think so, but it would be! better for me 
if you would indicate the place. 

Q. Just look, for instance, at the first column, page 1, 
beginning at line 11. A. Yes. 

Q. There is a hindered settling? A. Yes, that is right. 

Q. In fact, that process is defined in the claim 1, isn’t it? 
A. That is right. 

Q. Let me direct your attention now to the Huppke 
patent. No. 2,231,424, which is the only Huppke patent cited 
by the Patent Office. You understand, do you not, the value 
of examples in patent specifications? A. Yes, I think so. 

Q. They give form and body coherence to the specifica¬ 
tion, don’t they? A. Yes. 

Q. They satisfy you, as an engineer, much better than 
the general description? A. Oh, I need both. 

Q. But you can find in the examples experimental data, 
can’t you? A. I can find in examples a quantity of things 
I do [Tr. p. 2403 find in the other part. 

Q. They serve much like a drawing in a mechanical ap¬ 
plication? A. Well, I can agree with that, yes. 

Q. You can? A. Yes, yes, I can. 

Q. Now, don’t you find on page 2 of that Huppke patent, 
an illustrative example at line 16? 

The Court: Column 1 or column 2? 

Mr. Moore: Column 2, Your Honor. 

The Witness: Yes. 

By Mr. Moore: 

Q. And don’t you find that Huppke talks about working 
with zinc and zirconium oxides that are crushed and 
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screened to pass through 10 mesh screen bnt retained on 
20 mesh! A. Yes, I find that. 

Q. And don^t yon find him referring to the nse of: 

‘‘the same catalyst finely divided to sn<di a size 
that all passes through a 300 mesh screen’^-T 

A. That is right. 

Q. And that is, in that patent, a specific value of 300 
mesh? A. Yes. Would you be content if I made a little 
remark about this? 

Q. I think counsel can take care of the situation [Tr. p. 
241J well enough. A. I see. 

Q. Now, directing your attention to- 

The Court: Just a minute, Mr. Moore. While we 
are on that question, I know Mr. Kenyon will ask the 
witness this question, I think it will be more intelli¬ 
gible if I heard what he has to say now. 

What were you going to say? 

The Witness: Oh, I was going to say that I con¬ 
sidered this part in connection with page 2, column 1, 
line 47, and following, and that the first time 1 saw it, 
it looked to me as if this would be a contradiction, 
because at the line I am talking about, the line 47, 
he speaks of particles of less magnitude than the 
mean free path, which is of the order of 1 micron. 
Then, in the place in the second column, he speaks of 
particles passing 300 mesh. But then I saw that he 
can do that very easily, because 300 mesh passes 
particles which are all smaller than the dimensions 
given by 300 mesh. So, I must say that these two 
things are consistent with each other, as soon as we 
accept that he was just saying what he says, that the 
particles pass through 300 mesh. 

Q. You remember, do you not, that the Examiner made 
a specific reference to this 300 mesh? A. Yes. 
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[Tr. p. 242J Q. Now, to refer to page 1, cohmm 1, line 
27 and following, Hnppke indicates, does he not, that he is 
particularly concerned with circulating this finely pow¬ 
dered catalyst with the gases at a velocity sufficient to keep 
the catalyst in turbulence and in suspension in the gases 
until the conversion he seeks has been accomplished? A. 
Yes. 

^ Q. Now, doesn’t he do that by adjusting the rate of gas 
fiow so that there is a tendency of the catalyst to settle sub¬ 
stantially with respect to the moving gas, so it is a rela¬ 
tively long period of treatment? A. Well, there is always 
a tendency of the catalyst to settle with respect to the gas. 

Q. Doesn’t he specifically say that is what he intends 
to accomplish? Now, I refer you to page 1, second column, 
beginning at line 20. A. Yes. 

Q. And he distinguishes the rate of gas flow that he 
desires, a gas flow which is: 

<<more rapid so that the gas and catalyst are car¬ 
ried through in a much shorter .length of time”^-? 

A- Yes, he says he can use both ways. 

Q. But he prefers, you would assume, the fiirst? A. I 
don’t know what he prefers, he does not say it. 

Q. Doesn’t he indicate it by the objects he intended 
[Tr. p. 243] to accomplish? A. He says he is going to 
adjust his time according to the time the reaction needs. 
And so, he may let the gas go slower if he needs a long 
time for the reaction, or he may let the gas go faster if he 
needs a short time for the reaction; that is what I under¬ 
stand he says. 

Q. So, he provides two rates of gas flow? A. Depend¬ 
ing on the rate of his reaction. 

Q. There are two distinct expedients indicated in the 
patent? A. I would not say two distinct expedients, be¬ 
cause it is all the same thing, all covered by the same 
formula. 
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Q. There is a difference of rate of gas flowf A. Oh^ 
yes. 

Q. Now, to refer to the Tyler patent, and partieiilarly 
to Figure 2, isn’t it true that the soHds, in this case raw 
gypsnm, are introduced at the bottom of the contacting zone 
15c and continnonsly withdrawn at the top of the connect¬ 
ing zone 15cf A. That is ri^l 

Q. And does not Tyler indicate as on page 3, the second 
column, beginning at about line 42, that the gas has both a 
moving and fluidizing actionf 


[Tr. p. 244] The T^tness: On line 42,1 read: 

<<The introdnction of gas is not the sole cause of 
movement; the introdnction of g y p sum is also a 
cause”-- 


By Mr. Moore: 

Q. Then, read on. Au ^*but the gas does have that mov¬ 
ing function in addition to its fluidmng function.” Yes, 
that is right. 

Q. And Tyler speciflcally says, doesn’t he, in his fol¬ 
lowing sentence: 

using the term ‘mobilize’ herein, I mean to 
refer to the total action of the gas, both that of 
fluidizing the g y p sn m—^rendering it mobile—and that 
of actually moving it. ” 


A. Yes. 

Q. Now, in that patent, the steam, whidi isi a gas; 
[Tr. p. 24^ is mentioned, isn’t itt A. Yes. 

Q. It is introduced at the end of the conveyor 11, as 
shown in Figure 2, is it notT A. That is right 

Mr. Kenyon: At the endt 

Mr. Moore: Beyond the readi of the conveyor 11. 

The 'Witness: At place 13, you meant 
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By Mr. Moore: 

. Q. Yes, and that is further along in the condidt 12 than 
the end of the conyeyprT a 1 Yes. 

Q. Now, in connection with the Cjarpenter patent, to 
call your attention-- 

The Court: To which patentt 
Mr. Moore: Carpenter, No. 2,259,486. 

By Mr. Moore: 

Q. To call your attention' to the statement of the Ex¬ 
aminer, and to page 10 of that statement, would you be dis¬ 
posed to challenge the statement of the Examiner that: 

^^the solids concentration may be calculated to 
be about 12.5 jwrcent by volume’’—^up to—^**about 
18.6 percent by volume.” 

A. I would.not, because I have not recalculated it. 

Mr. Moore: I believe that concludes my examina¬ 
tion. 

[Tr. p. 246] Re-direct examination by Mr, Kenyon: 

Q. Eeferring to the Winkler, et al., patent. Figure 2, 
you were asked about the dust that recycles into the 
chamber throng the pipe 14. What becomes of that dust. 
Dr. Debye, in the operation of this process t A. It is blown 
up and it bums to a certain extent and the rest is sup- 
X)osed to come back, although I think that a part is going 
out of the system and is lost. 

• ' • • 

Q. Does any of that dust get into the bed at the bottom 
marked 8? A. Not according to our calculations and not. 
according to the picture. 

' Q. Now, you indicated that there might be some pres¬ 
sure iu this system during operation. To what extent 
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would that affect the velocity figures that you gave in your 
[Tr. p. 2471 direct examination? A. I am not certain at 
all that it would affect those figures. The question is, we 
have gas which is put into the bed; now, if we take this 
gas as beiug measured under atmosiiheric pressure, even 
it has to be compressed and when it comes into the bed, it 
expands again and, as soon as it has expanded, there is no 
correction. If we had taken the gas as being measured 
under the high pressure before it is put into the bed, then 
we would have a correction with a correction to higher 
velocities, because then this gas, after expanding in the bed, 
would still have a higher velocity. 

Q. Do you understand from the patent that the state* 
ment as to the amount of gas that is fed into it, applies 
in measurements taken at atmospheric pressure? A. That 
is what I assume, because that is the regular thing to do. 

Q. And your velocities are based on that assumption? 
A. On that assumption. 

Q. Your attention was directed to some other figures for 
velocity mentioned in one of the amendments in this case. 
Do you believe that those calculations are correct or in* 
correct? A. Well, since I have made the calculations my¬ 
self and come to another result, I must think that they 
are wrong. 

[Tr. p. 2481 Q* Now, turning to the British Muller patent, 
did you intend to say that this patent discloses or claims 
hindered settling? Oh, no, not at'aU. What I intend 
to say is that the particles are not falling with the velocity 
that I would have in a quiet gas, but are falling slower; 
and that you can even keep the partidies standing still, 
if we make equilibrium between the drag of the gas and 
the weight of the particles. 

Q. That is precisely what the patent specification refers 
to, when it says that the material remains substantially 
stationary with respect to said <diamber? A. Yes, that is 


A142 


Peter Debye—For Plamtiff — Re-^irect 

Q. Now, with reference to the Tyler patent, how does 
the conveyor 11 give movement to the gypsnmt I am 
referring to Figure 2. A. Well, the whole thing, during 
the process new gypsum goes into the conveyor and so 
there is new material pressed into the pipe and this new 
material pushes the other material in front of it. That 
is indicated very clearly on page 2, column 2, line 111, 
where it says: 

“The gypsum ... is moved along through that 
chamber by the feeding action of the conveyor and 

by the gas that is introduced”- 

Mr. Kenyon: That completes it. Your Honor. 






EXTRACTS FROM THE FILE OF THE APPUCATION 

INSUTT (PitFs. Ex. 2) 


P'/H p. 2]* This invention relates to an improved method 
and apparatus for the treatment of gaseous fluids with 
solid materials and more particularly to a method and 
apparatus adapted for the conversion of hydrocarbon oils 
in the presence of solid catalysts. 

It has long been recognized that if a gas be made to flow 
upwardly through a bed of granular, finely subdivided 
solid particles the bed is converted into a kind of quicksand, 
with the surface of the solid mass having &e appearance of 
a boiling liquid, Le., the lifting effect of the rising gas 
imparts to it a high degree of mobility, making it resemble 
a liquid to such an extent that the analogy between it and 
the liquid state has been heavily stressed. (See Martin, 
Chemical Engineering, 1928, Crosby, Lockwood andi Sons, 
London, Section 31, p. 1, et seq.) Furthermore, it has been 
recognized that the maintenance of this condition of mobility 
in a bed of solid granules offers excellent conditions for 
interaction of a gas with a solid, as in the conversion of 
coal into producer gas, the catalysis of various gas reactions 
by solid catalysts, etc. It offers the advantages of (1) an 
enormous surface of contact between solids and ga^s per 
unit volume of reaction vessel, (2) a correspondingly large 
reaction capacity per unit volume of reactor, and (3) the 
dampening effect on any heat liberated or absorbed by the 
reaction P/H p. 3J of the high heat capacity of the sus¬ 
pended x>articles, minimizing the temperature dianges that 
would otherwise occur. However, it has been found that 
this condition of operation has the following disadvantages 


• P/HJ signifies the page from the B^e History of 
the application in suit. 
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which are so serious that it is useful only under exceptional 
drcmnstances. 

(1) The velocity of the gas rising through the bed must 
be kept relatively low, as otherwise the gas will blow the 
bed up and out of the reactor. It is true that this gas 
velocity can be increased by using a bed of particles of 
large size, but this inherently defeats one of the major 
advantages of the method, Le., the provision of large sur¬ 
face area of the particles per unit volume of the reactor. 
This fact means that the gas-treating capacity per unit 
volume of the reactor is of necessity low. The attempt has 
been made to correct the condition by the introduction of 
a considerable portion of the gas above the surface of the 
bed of granules, but directed downward toward it and into 
it. Obviously, however, this is merely an ameliorating ex¬ 
pedient. Because of these difficulties the use of such a unit 
is advantageous only in those cases in which the reaction 
rate desired requires an enormous solid surface per unit 
volume of gas reacted and the capacity of the equipment is 
limited by the amount of this interfacial surface. 

(2) This condition of operation almost necessitates the 
use of granules of substantially uniform particle size. 
Otherwise, there is a marked tendency for the heavier 
particles to settle to the bottom and the lighter ones to 
[F/H p. 4J rise on top. Moreover, the gas velocity must 
be kept down to a value which will prevent the blowing over 
of any significant portion of even the finest particles in the 
mass, since this would not only reduce the solids in the bed 
but eliminate those particles with the largest surface per 
unit volume. 

(3) It is true that the bed of granules can be rendered 
mobile by air velocities well below those at whidi the bed 
can still be maintained without serious evaporation” into 
the gas stream, Le., blowing overhead with the gas, but this 
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obviously results in low gas treating capacity per nnit 
volume of the reaction space and this condition also tends 
to give poor miring of the bed dne to formation of chimneys 
throngh which the gas rises, surrounded by dead areas of 
bed. 

In the effort to secure the advantages of this general 
type of interaction of gas with solid particles but to avoid 
these limitations, the operation has been modified by con¬ 
stricting the cross section of the reaction chamber and 
flowing the gas at a correspondingly higher velocity through 
it Doing this eliminates the presence of a * ^liquid’* bed 
of particles, the particles being carried at a fairly high 
rate overhead with the gas and necessitating separation 
from it Furthermore, the particles travel through the 
apparatus so quickly that they almost never have time to 
secure the desired stoichiometrically complete interaction 
with the gas, so that the separated particles must often be 
returned to tiie reaction zone. This general condition of 
operation can [F/H p. 5] greatly increase the gas through¬ 
put per unit volume of reaction space, but it also results in 
a very great decrease in concentration of solid granules in 
the reaction space, because these granules, instead of resting 
in it as a quite compact mass, are blown out with the gas. 
It is true that on the average the gas always moves some¬ 
what faster than the solid particles, so that the concentra¬ 
tion of solids in the reactor is higher than that in the gas 
stream entering the reactor, but none the less under 
ordinary conditions of operation the solid concentration in 
the reactor itself is low. This method of operation is ad¬ 
vantageous in certain cases, especially in those cases in 
whidi the amoimt of contact of the gas with the solid sur¬ 
face desired is small, as in the case of very active catalysts, 
or catalysts whidi are not only active but, if allowed to 
remain in contact with the gas after the desired reaction 
is ended, induce xmdersirable reactions. However^ this 
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techniqne of operation likewise possesses the following 
serions disadvantages: 

(1) Because the concentration of solids in the reaction 
space is low, and the surface area per unit volume drops, 
capacity is very low in those cases where the extent of the 
reaction is limited primarily by the amount of interfacial 
reaction surface available. In such cases one must use 
long, tall reaction vessels to get the requisite interfad^ 
area and capacity. 

(2) This method of operation results in a segregation of 
the particles of varying size in the feed which is far more 
serious than that in the “liquid phase” [F/H p. GJ type 
of operation discussed above. The fine particles blow 
through very rapidly, whereas the coarse ones lag behind 
and stay in the reaction chamber a much longer time. This 
is exactly opposite to what is desired, since the fine particles 
have the larger area per unit volume. 

(3) Because, despite the lag of the solid particles be¬ 
hind the gas, both solid and gas flow quite progressively 
through the reaction space, any reaction heat efirects de¬ 
veloped tend to affect the temperature at different points in 
the reaction vessel in different degree. Thus, in the case of 
a reaction which evolves heat progressively, the tempera¬ 
ture will be low at the entrance to the reaction zone and 
high at its exit. On the other hand, very often a reaction 
of this type will not start (kindle) unless the temperature 
is brought up to a certain level, which is often quite near 
that at which it is desired to operate. This makes it 
necessary to preheat the materials entering the reactor. 
In those frequent cases in which excessive temperature rise 
must be avoided, temperature control must be provided in 
the reaction space, and moreover it must be of such a 
character that it can be exercised independently in the 
various zones of the reactor. This causes complications 
in reactor desi^ and operation. 


a 
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It has now been discovered that by proper control of the 
operation of a nnit of this general type, one can secure in 
large degree the advantages of both types of operation jnst 
described, and at the same time eliminate or greatly reduce 
the disadvantages. If one will operate at a gas velodty 
sufficient to blow all or substantially all [F/H p. 7] of the 
solid material out of the reactor in a relatively short time, 
provided no fresh solid material be introduced during this 
time, but will feed into the reactor simultaneously solid 
material at a suffidently high rate, one can maintain in the 
reactor a high concentration of solid granules approaching 
that of the “liquid state’’ described above, and yet be blow¬ 
ing the solid particles out the top of the reactor at a cor¬ 
responding rate. In other words, operating conditions 
should be used in whidi solid concentrations approach 
those of a mobile “liquid” mass condition, but gas velodties 
are sufficient to carry aU solid particles overhead in the gas 
stream. This is secured by using an adequately hig^ ratio 
of rate of feed of solid particles to rate of feed of gas or 
vapor to the reactor. This method of operation provides 
the following advantages: 

(1) 'While the high gas velocity employed induces turbu¬ 
lence, the high concentration of solid particles results in a 
very violent mi-Ti-ng action in the reaction mass. In con¬ 
sequence, extraordinary uniformity in temperature is main¬ 
tained. This is partly due to the violent mixing and partly 
due to the fact that tiie heat capadty of the solids absorbs 
any locally generated heat or supplies locally consumed 
heat. The temperature uniformity is greater than that in 
ordinary “liquid phase” operation and far superior to that 
of the hi^ velocity operations hitherto employed. 

(2) Because of this mixing effect, the necessity of brings 
ing entering materials to reactor temperature, e.g., to 
preheat them, is greatly reduced. Even though for 
[F/H p. 8] example, the gas enters far below landling 


A148 


Original Specification 

temperature, it will be raised by mixing to reactor tempera¬ 
tures so quickly that there is no serious lag in getting the 
reaction started. Indeed, the introduction of cold gas into 
a reactor in which heat is evolved affords an excellent 
method of temperature control of the reactor. 

(3) Heat can be abstracted from the reacting constitu¬ 
ents at any temperature level desired, with no need of 
point control of the amount of heat abstraction within the 
reaction vessel Thus, gas, or solid, or both, leaving the 
vessel can be cooled and recycled as a means of control 
within the vessel Heat exchanger tubes or units of other 
suitable shapes may be placed in the reaction zones and 
heating or cooling fluids circulated therethrough to supply 
heat to, or withdraw heat from, the mixture in the reaction 
zone. The extreme turbulence accompanying ox)erations 
according to this invention, aided by the rapidly moving 
solid particles, renders su(^ heat exchanger surfaces ex¬ 
ceptionally efficient. 

(4) Even localized overheating of reacting constituents 
can be minimized. Thus, in the regeneration of spent oil 
craddng catalysts by oxidation of combustible impurities, 
the temx>erature rise at points of combustion can be so 
great as to seriously reduce the activity of the catalyst. 
However, under readily attainable concentrations of catalyst 
and oxidizing gases, it is easy to hold the TnaYiTnnTn tempera¬ 
ture rise within limits of 50 to 100°F., greatly facilitating 
control of the regeneration. 

[F/H p. 93 (5) Operation under this condition minimizes 
segregation of fine particles from coarse in the suspended 
granular mass. Apparently the coarse x)a]^cles act as a 
sort of filter for the fines, holding them back and slowing up 
their ejection from the reactor in the gas stream. This 
greatly helps effective utilization of the fine particles in 
reaction* 
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While the rate of supply of the solid material will vary 
with its density and with the velocity and viscosity of the 
gas, the solid material should be supplied to the treating 
zone at a sufficient rate to maintain a concentration of at 
least about 3% by volume of solid material in the mixture 
of such solids and gases in the treating zone. Solid con¬ 
centrations as high as 10% to 15% by volume and even 
somewhat higher may be used in this invention. Where 
mixtures of gases or of normally gaseous materials and 
vaporized liquids are used, the total gases and vapors are 
considered as “gas’’ for the purpose of this invention. 

In order to illustrate suitable conditions for carrying 
out the process of this invention, the following example is 
given:— 

Example I 

A series of tests were conducted in which air was blown 
up through a cylindrical chamber and a pulverized acid 
activated clay was supplied to the bottom of the chamber. 
This clay powder contained particles of widely varying 
size, the finek being very small (below 5 microns), and also 
some very coarse particles. [P/H p. lOJ The specific grav¬ 
ity of the particles was about 2.4. When starting with even 
a small portion of the chamber fdled with clay, a rising 
stream of air at normal temperature and pressure and at a 
linear velocity of approximately 0.3 ft./second quickly 
blows half of the clay out of the chamber, with substantial 
segregation of the finer particles. If, on the other hand, 
clay is fed into the bottom of the chamber continuously at 
a rate of 10 lbs./minute/square foot of horizontal cross 
section of the chamber, even with a gas velocity of 0.51 ft./ 
second, the clay concentration in the chamber is maintained 
continuously at 12.5 Ibs./cu.ft. Furthermore, this clay 
powder will be overflowing out of the top of the chamber 
continuouky the rate at which it is fed into it and under 
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these conditions of steady flow and high clay concentration 
the segregation of fine particles from coarse ones is 
negligible. 

Figures 1 and 2 of the drawings contain curves indicat¬ 
ing the solid concentration in the chamber at different gas 
velocities and solid feed rates. These curves represent the 
average of numerous determinations. Referring to Fig. 1, 
it will be seen that if the gas velocity be raised to 1.48 ft./ 
second, a clay feed rate of 53 lbs./minute/sq. ft. is neces¬ 
sary to maintain a solid concentration of 10 lbs./cu. ft. If 
the gas velocity be still further increased, high clay con¬ 
centrations can still be maintained but the clay feed rate 
must be very greatly increased as shown in Figure 2. 
Thus, at [F/H p. 11] 2.29 ft./second gas velocity, nearly 
800 lbs./minute/sq. ft. of clay must be fed to maintain a 
clay concentration of 10 lb8./cu. ft. in the chamber, whereas 
at a gas velocity of 7.8 ft./second a clay feed rate of nearly 
3800 lbs./minute/sq. ft. is necessary to maintain the same 
concentration of solids. In all these cases, the clay will be 
overflowing out of the chamber at a rate equal to the feed. 
If the gas is shut off, the clay used in these tests settles to 
about 35 lbs./cu. ft. apparent density. 

While concentrations of solids in the treating chamber 
can be held high at a given feed rate and a properly chosen 
moderate gas velocity, the clay is completely kicked up by 
increasing the gas velocity a few fold. In other words, the 
treating chamber conditions can be maintained with no 
complications in the feed channels by contracting the 
section of the treating chamber at its bottom to say ^ or 
Vs its normal area and introducing the gas upwardly 
through this restricted section. The solids will penetrate 
down into such a section but will promptly be kicked up. 
The depth of downward penetration of solids depends upon 
the degree of constriction and to a lesser extent upon the 
concentration of catalyst in the reaction space. Constric- 
tibn to one-fourth the area at the bottom of the treating 
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dkiamber • may require a constricted section 20 to 30 di¬ 
ameters in length to reach a point where no catalyst 
penetrates, but a further constriction greatly [F/H p. 12j| 
reduces this penetration.. The constriction should be 
gradual as otherwise there will be dead spaces in the treat¬ 
ing vessel where accumulation of solids will occur. Venturi 
expander section standards have been found satisfactory 
for this purpose. Therefore, it is desirable to keep the 
angle of divergence of the constricted section below about 
7°. With large angles, solids are likely to accumulate even 
on the sides of the expander section itself. Since a treating 
vessel of reasonable dimensions, having a single expander 
section below it would be inordinately long, a grid contain¬ 
ing a plurality of expander sections is desirable for the 
bottom of the treating vessel In order to avoid dead space 
in the treating vessel, the top of the individual expander 
sections should be square and the grid should be constructed 
with the upper edges of adjacent expander sections con¬ 
tiguous. The expander sections may be progressively 
converted to a circular section as the area is restricted to 
the throat. The throat of each expander section should be 
at least about 10 to 20 diameters in length. 

Although it is generally preferred to supply the solid 
catalyst to the lower part of the treating zone, the extreme 
turbulence obtained with this invention permits the intro¬ 
duction of the catalyst to any part of the treating zone 
below the top thereof. The catelyst may be supplied 
separately from the gas or in admixture with a part or all 
of the gasiform material used. It is desirable to supply at 
least part of the gas at the [F/H p. 13] lowest part of the 
treating zone to avoid settling out of catalyst. 

While it is obvious that this invention in its broader 
aspects has a very general application in the catalysis of 
gas reactions by solid catalysts and in the reaction of ga^s 
with solids which may also simultaneously exercise a 
catalytic function, it is of particular advantage in the 
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catalytic treatment of hydrocarbons and in the regenera¬ 
tion of solid catalysts and absorptive materials used in the 
conversion and refining of hydrocarbons. 

A preferred embodiment of this invention is its applica¬ 
tion to the catalytic conversion of hydrocarbons, especially 
of crude petroleum oils and fractions thereof in which the 
oil is subjected in vapor phase to contact with particles, 
preferably finely divided, of catalytic materials under 
selected conditions for the conversion of such oils into motor 
fuel products of high anti-knock value. Suitable catalytic 
materials for this process are the activated clays and 
synthetic silica-alumina catalysts with or without added 
promoters. Solid material used in the application of this 
invention to hydrocarbon conversion should be in a 
powdered or pulverized state, the coarsest particles pref¬ 
erably passing through a screen of about 10 to 100 mesh. 
More finely ground powders are preferred, the major 
portion of which passes through a screen of 200 or 400 mesh 
or even finer. 

CF/H p. 141 The cracking catalysts gradually decrease 
in activity in such a process due to the deposition of carbon 
from materials being cracked. The catalyst is then regen¬ 
erated by suitable treatment to remove carbonaceous ma¬ 
terials, as by bringing the spent or partially spent catalyst 
into contact with oxidizing gases at a , suitable temperature 
for the combustion of the carbonaceous materials deposited 
on the catalyst. A further modification of the process and 
apparatus of the present invention involves their use for 
the regeneration of powdered catalysts. Such catalysts 
may have undergone a loss in activity resulting from their 
use in any catalytic reaction or treating process involving 
a change in the nature of the catalyst or the deposition 
of materials on the catalyst of such nature that the catalyst 
may be returned to its original, active form by treatment 
witii regenerating gases. In carrying out this modification 
of the present invention, a suitable regenerating gas and 
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the spent, catalyst are passed upwardly through a catalyst 
regenerating vessel under the conditions described above 
to maintain a concentration of at least about 3% by volume 
of solid material in the regenerating zone. For example, 
in the regeneration of spent cracking catalysts of the type 
described above, such catalysts may be passed with oxidiz¬ 
ing gases through a catalyst reaction vessel maintained 
at a temperature sujQficiently high to cause combustion of 
carbonaceous materials deposited on the catalyst but not 
high enough to reduce materially the activity of the catalyst. 
EF/H p. 153 The application of this invention to the cata¬ 
lytic cracking of hydrocarbon oil and to the regeneration 
of the cracking catalysts will be described in relation to 
Fig. 3 of the drawings which is a diagrammatic illustration 
in partial sectional elevation of an apparatus suitable for 
carrying out such a process and indicates the flow of ma¬ 
terials therethrough. 

Referring to Fig. 3, the oil to be cracked is introduced 
in vapor form and with or without other diluent gases 
such as steam, hydrogen, etc., into the cracking vessel 1 
through line 2. Prior to introduction the oil is preheated 
to the required cracking temperature by suitable heating 
and vaporizing equipment which, for purpose of simplicity, 
is not shown on the drawing. In this portion of the process, 
steam, hydrogen or other diluent may be added to aid in 
vaporization and/or to improve the catalytic process. The 
oil used may be any hydrocarbon oil capable of vaporization 
without substantial coking and may be either synthetically 
prepared as by reaction of carbon monoxide and hydrogen 
or by liquefaction or destructive hydrogenation of carbo¬ 
naceous materials or it may be of natural origin such as 
petroleum oil fractions and products obtained from mineral 
oils by cracking, solvent extraction, destructive hydrogena¬ 
tion and combinations of such treatments. Petroleum gas 
oil and heavy naphtha fractions are examples of suitable 
feed stocks. 
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The oil vapors with dilnents, if present, are preheated 
to the desired reaction temperature, snch as,' for example, 
from 600®F. to 1200®F., and are introduced [F/H p. 163 
through line 2 and pass upwardly through a perforated 
plate 3 into the reaction zone. The plate 3 is preferably 
provided with a number of openings 4, each of which is in 
the form of a cylinder at least 10 to 20 diameters in length 
' which connects at its upper end with a Venturi expander 
section which changes progressively upward into a square 
section at the upper surface of the plate. Each side of 
each expander section is preferably contiguous with a side 
of an adjacent expander section or with the shell of the 
reaction chamber, thereby leaving no flat surface on the 
top of the plate 3. 

A suitable cracking catalyst is supplied continuously 
1 to the reaction vessel by any suitable means such as d screw 
' conveyor 5. This catalyst may be any of the known solid 
materials capable of effecting the desired conversion such 
as the active or activated days or synthetic catalysts, such 
as the synthetic absorbent gels consisting principally of 
silica, alumina, magnesia or of mixtures of such materials 
such as plural gels of any two or more of such components; 
also, silica mixed with activated alumina, silica gel impreg¬ 
nated with soluble aluminum salts such as aluminum nitrate 
and activated before using by driving off oxides of nitrogen, 
and other powdered or granular materials which promote 
the cracking of hydrocarbons. The catalyst may be in pow¬ 
dered, granular or molded form and is preferably in the 
I form of particles of very small size. While catalyst par- 
tides as large as 10 mesh or larger may be used, much 
smaller sizes are [F/H p. 173 preferred and the catalyst is 
I preferably ground to a fine powder having a particle size 
from 200 to 400 standard mesh or even finer. The catalyst 
may also be supplied to the reaction zone as a fluidized 
I powder, mixed with a suitable diluent or reagent gas such 
as steam, nitrogen, hydrogen, or the hydrocarbons being 
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treated^ or as a snspension in such gas or vapor. The 
catalyst is- preferably preheated substantially to the re¬ 
action temperature before it is passed into the reaction zone. 

The rate of supply of catalyst and vapors or gases to 
the reaction vessel should be adjusted, as described above, 
to maintain a concentration of at least about 3% by volume 
of catalyst in the reaction zone. In the apparatus illus¬ 
trated, this zone is the space bounded by the plate 3, the 
vertical walls 1 of the reaction vessel and the plane of the 
top 7 of this vertical wall, the overflow space being excluded. 
While the dimensions of the reaction vessel may vary 
widely, the reaction zone should preferably be of sufficient 
height to provide a time of exposure of the oil vapor therein 
between about one and one-half to one hundred seconds. A 
number of reaction vessels may be used in series if it is 
desired to operate at high gas velocities and long times of 
contact which would require a single reactor of imprac¬ 
ticable dimensions. The reaction vessel may be operated at 
any desired pressure suitable for cracking, either sub- 
atmospheric or superatmospheric, pressures up to about 
20 atmospheres or higher being [F/H p. 18] preferred 
when using catalysts of small particle size of the order of 
200 mesh or smaller, in order to reduce the upward linear 
velocity of the oil vapors and to permit the use of reaction 
vessels of smaller size. 

Under preferred conditions of operation, the reaction 
vessel is maiatained at a pressure between about atmos¬ 
pheric and 50 lbs. gauge and the reaction temperature 
is maintained at about 800 to 950° F. for maximum cracking 
to gasoline constituents or at a temperature of about 600 to 
800° F. for the conversion to aviation gasoline of optimum 
stability and anti-knocking characteristics. The catalyst to 
oil ratio in the feed will preferably be from about 1 to 6 
parts by weight of catalyst per part of oil, the time of 
exposure of the oil in the reaction is preferably between 
about 10 and 50 seconds and of the catalyst is between about 
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15 seconds and 30 minntes, all conditions being inter- 
adjusted to secure about 20 to 80% conversion of the oil 
into gasoline constituents. 

Any suitable means may be provided for withdrawing 
catalyst and vapors from the reaction zone and for separat¬ 
ing the catalyst from the vapors withdrawn therewith. 
For example, in the apparatus illustrated, the reaction 
vessel 1 is provided with an enlarged upper section sur¬ 
rounded by an annular casing 6 which serves to reduce the 
upward velocity of the vapors and to permit separation of 
catalyst therefrom. The catalyst thus overflows at 7 into 
the annular space 8 and collects in the hopper 9 while the 
cracked vapors, largely free of [F/H p. 193 catalyst, are 
drawn off through line 10. These vapors are preferably 
subjected to any suitable treatment for separation of 
catalyst therefrom such as by passing through cyclone 
separators and/or electrostatic separators maintained 
preferably at a sufficiently high temperature to avoid con¬ 
densation of the vapors and are then passed to suitable 
condensing and fractionating equipment to separate the 
desired motor fuel fractions from any heavier fractions and 
tarry products. The total heavier fractions or any distillate 
fractions thereof may be heated and recycled, preferably 
with additional fresh oil vapors, to line 2 for further 
treatment. 

The used catalyst is withdrawn from the hopper 9 
through the valved outlet 11 and is passed by Kne 12, 
preferably with the aid of steam or other suitable inert gas, 
supplied at 13, to a stripping or purging chamber 14. This 
stripping chamber may be of any suitable design to 
accomplish separation of the oil vapors from the catalyst. 
It may be constructed and operated in a manner similar 
to the reaction vessel 1 or it may be designed to provide a 
countercurrent flow of the catalyst particles and a gaseous 
stripping medium. For example, the stripping chamber 14 
may be provided with baffles 15 to expedite separation of 
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the oil vapors from the catalyst. If desired, additional 
inert stripping medimn such as nitrogen, steam or inert 
flue gas may be introduced into the catalyst at a point below 
the baffles by line 16. 

The catalyst leaving the stripping chamber 14 is then 
passed by suitable means such as the screw conveyor 17 
into a regenerating vessel 18 in which it is brought into 
£F/H p. 203 contact with oxidizing gases. This regenerat¬ 
ing vessel may also be of any suitable design and is 
preferably, as illustrated, of the same design as the reaction 
vessel 1. For example, an oxidizing gas, such as air or 
partially deoxygenated air or air diluted with flue gas or 
inert gases, is preferably heated to about 850° F. and is 
then passed into the regenerating vessel 18 through line 19 
and upwardly through perforated plate 20 which may be of 
the same design as plate 3. 

The regeneration of the catalyst involves an exothermic 
reaction which tends to raise the temperature of the cata¬ 
lyst substantially, the amount of heat liberated depending 
upon the amount of carbonaceous material on the catalyst 
and the concentration and volume of oxygen in the oxidiz¬ 
ing gas. It is preferred to have the oxygen content of the 
gases so low that the temperature of the catalyst does not 
rise sufficiently to decrease its activity. The maximum 
permissible temperature varies with different catalysts 
and in some cases may range up to 1400°F. It is generally 
preferred to maintain a lower maximum temperature of 
the order of about 1000°F. particularly in the regeneration 
of synthetic catalysts. The extreme turbulence accompany¬ 
ing the operation according to the present invention is 
particularly advantageous in providing a very uniform 
temperature level throughout the regenerating vessel and 
local overheating of the catalyst is thus avoided. Where 
the catalyst contains so much carbonaceous material that 
its combustion to gaseous products would raise the tempera¬ 
ture of the catalyst and the oxidizing [F/H p. 213 gases 
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above the desired Tna!!riTTniTn temperature, a number of re¬ 
generation vessels may be used in series, preferably with 
cooling of the catalyst between regenerating vessels to a 
temperature of about 850°F. Additional cooling gases may 
also be supplied to the reactor provided that the total 
amount of oxidizing and cooling gases does not require a 
vapor velocity above the maTiTnuTn permissible, in propor¬ 
tion to the catalyst feed rate, to maintain at least 3% by 
volume of solid catalyst in the regenerating zone. Heat 
may also be withdrawn from the regenerating zone by 
placing therein heat exchanger surfaces such as cooling 
tubes through which water or steam or the feed stock in 
liquid or vapor phase is circulated. 

The regenerated catalyst is separated from the oxidiz¬ 
ing gases in the enlarged annular space 21 and passes into 
the hopper 22. This regenerated catalyst is then pref¬ 
erably treated with suitable stripping gases or by other 
means to separate the oxidizing gases therefrom before it 
is permitted to again come in contact with hydrocarbon 
vapors. For example, it may be returned by line 23, pref¬ 
erably with the aid of steam supplied at 24 to a stripping 
vessel 25 whidi may be of the same design as the stripping 
vessel 14. The stripped or purged regenerated catalyst, 
freed of oxidizing gases, is then supplied from the bottom 
of the stripping vessel 25 to the screw conveyor 5. Any 
additional catalyst required for make-up may also be sup¬ 
plied either to liie screw [F/H p. 22] conveyor 17, to line 
23 or to the screw conveyor 5, depending upon the de¬ 
sirability of treating the fresh catalyst with oxidizing or 
purging gases. 

While the apparatus has been described with particular 
reference to the catalytic cracking of hydrocarbon oils to 
which it is particularly adaptable, it will be understood that 
in its broader aspect it will have a more general application 
such as for carrying out other types of high temperature 
hydrocarbon reactions such as reforming and other treat- 
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ments of hydrocarbon vapors in the presence of hydrogen 
at ordinary atmospheric to high pressnres of the order of 
20 to 100 atmospheres or more, with or withont net con¬ 
sumption of hydrogen, also for desulfurization, alkylation, 
polymerization, etc. Powdered or otherwise finely divided 
catalysts of suitable activity for the intended reaction will 
be used in each process, as will be understood- The ap¬ 
paratus also has particular application to the coking of 
heavy oil vapors in the presence of a relatively inert adsorb¬ 
ent powder such as pumice or spent clay. In such cases 
the adsorbent material will have little if any catalytic 
activity but will serve as an adsorbent for the coke formed 
during the viscosity brealdng or coking operation which 
coke may later be burned off from the inert material in a 
regenerating circuit such as shown in Fig. 3 of the drawings. 

For example, hydrocarbon oil vapor may be subjected 
to treatment with hydrogen in the processes and apparatus 
described above for the purpose of refining, hydroforming, 
or destructive hydrogenation of the oils. The invention 
[F/H p. 233 is especially suitable for the hydroforming of 
hydrocarbon oil fractions boiling substantially in the 
gasoline range, i.e., between about 100 and 500°F., for the 
purpose of producing improved gasoline of low knocking 
characteristics superior to those of the initial materiaL 
The feed stock may be derived from petroleum oil or coal 
or other carbonaceous materials, by distillation, cracking,’ 
destructive hydrogenation or liquefaction or it may be 
produced by synthetic processes such as by the polymeriza¬ 
tion of unsaturated hydrocarbon gases or the reaction of 
hydrogen and carbon monoxide. The hydroforming process 
is generally conducted at a reaction temperature between 
900 and 1000®F., and a pressure between about 50 and 750 
pounds per square inch. The hydrogenating gas, contain¬ 
ing about 20 to 90 mol per cent of hydrogen and preferably 
about 40 to 70 mol per cent, is passed with the oil vapor 
through the reaction chamber at a rate between about 1500 
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and 10,000 cn. ft per barrel of oil, and is advantageonsly 
recycled after snitable treatment to maintain the hydrogen 
concentration within the desired limits. The oil feed rate 
shonld be between abont 0.2 and 5.0 volnmes of liqnid oil 
per volnme of reaction space per honr, preferably between 
0.2 and 2.0 V/V/Hr. 

The hydrogenating catalysts are snpplied in finely 
divided form to the reaction vessel either separately from 
the gases or in admixture with the hydrogenating gases or 
the oil vapors or both, which may also be mixed. The pre¬ 
ferred catalytic materials are oxides [F/H p. 24] and 
snlfides of metals of Groups II, TV, VI, and Vlil of the 
Periodic System, especially the oxides and snlfides of 
molybdemim, chrominm, tungsten, vanadium, cobalt, and 
nickeL These catalysts may be used alone, in combination 
or mixtures with each other, or in combination with carriers 
such as natural and activated clays, aluminum oxide, 
alumina gels, peptized alumina, bauxite and the like. The 
catalysts may be prepared by mechanical mixing of the 
various ingredients, by impregnating the carrier with 
solutions of salts of the desired metals, and then heating 
to convert the salts to the oxides, or by co-precipitating 
hydroxides of the various ingredients. The preferred 
catalysts consist of aluminum oxide and from 1 to 50% of 
the active metal constituent. 

In carrying out this process, the catalyst is used until 

(1) the consumption of hydrogen becomes appreciable, or 

(2) the octane number of the product falls below the level 
which the particular catalyst used is known to be capable 
of maintaining, whichever of these things occurs first 
Ordinarily, the octane number of the product will fall below 
the desired level before there ceases to be a net production 
of free hydrogen. The catalyst is then regenerated when 
this occurs and is then returned to the process. The catalyst 
generally undergoes loss in activity in such a process at 
such a slow rate that it may be used repeatedly before re- 
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generation is necessary. This may be accomplished in any 
suitable manner, for example, the [F/H p. 25] catalyst may 
be passed through a number of reaction vessels in series, 
with the gases and vapors to be treated being passed 
through such vessels in either series or parallel or the proc¬ 
ess may be conducted continuously in a single reactor or 
a series of reactors with separation of catalyst and oil 
vapors only at the exit of the last reactor in the series, by 
recycling the major portion of the catalyst without regen¬ 
eration, and withdrawing for regeneration only sufficient of 
the catalyst to maintain the activity of the whole at the 
desired level Ordinarily, when operating with a single 
reaction vessel, from one-half to three-fourths or more of 
the total catalyst leaving the reaction vessel may be re¬ 
circulated without regeneration in such a process. 

The regeneration of such hydroforming catalysts is pref¬ 
erably conducted with oxidizing gases at a temperature 
between about 650 and 900°F. with precautions to avoid a 
maximum catalyst temperature above about 1200°F. 

In this hydroforming process it is not necessary to 
add hydrogen from an extraneous source, once the process 
is started, as the hydrogen produced in the process and 
that initially added may be continuously recycled. 

This application forms a division of application Serial 
No. 312,200, filed January 3,1940. 

Having thus described the specific embodiment of the 
invention, it will be understood that other modifications and 
variations have come within the spirit and scope thereof. 
It win be also understood that it is not the intention to 
unnecessarily restrict the invention or dedicate any novel 
features thereof. 

[F/H p. 26] We claim: 

1 . In a process for contacting gases and solids wherein 
the gases are reacted in the presence of finely divided solids, 
the solids are reacted in the presence of gases, or both the 
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solids and gases are reacted; the improvement which com¬ 
prises passing said gases upwardly through a reaction 
zone containing a body of said finely divided solids, passing 
said gases upwardly through said reaction zone at a velocity 
sufficient to carry the finely divided solids out of the top 
of the reaction zone, removing gaseous solids from the 
upper end of said zone, and introducing finely divided 
solids into said reaction zone at a rate sufficient to replace 
the solids removed therefrom and maintain a concentration 
of solids within said zone of at least 3% by volume whereby 
a relatively dense, highly turbulent mixture of finely divided 
solids and gases is maintained within said reaction zone. 

2. In a process for contacting gases and solids wherein 
the gases are reacted in the presence of finely divided solids, 
the solids reacted in the presence of a gas, or both the 
solids and gases are reacted, and wherein a substantial 
heat effect results from said reaction; the improvement 
in the method of controlling the temperature of said re¬ 
action which comprises passing said gases upwardly through 
a reaction zone containing a body of said finely divided 
solids, passing said gases upwardly through said reaction 
zone at a velocity sufficient to carry the finely divided solids 
out of said reaction zone, removing [F/H p. 27] gases and 
solids from the upper end of said reaction zone, introducing 
finely divided solids into said reaction zone at a rate suffi¬ 
cient to replace the solids removed therefrom and maintain 
a concentration of solids within said zone of at least 3% 
by volume whereby a relatively dense, highly turbulent 
mixture of finely divided solids and gases is maintained 
within said zone, and passing a heat exchange medium in 
indirect heat exchange relation with the dense mixture of 
finely divided solids and gases within said reaction zone to 
maintain said mixture at the desired reaction temperature. 

3. In a process for carrying out exothermic reactions 
between solids and gases wherein the gases are treated in 
the presence of finely divided solids, ffie solids treated in 
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the presence of a gas, or both the solids and gases are re¬ 
acted; the improvement in the method of extracting heat 
from said reaction which comprises passing said gases 
upwardly through a reaction zone containing a body of said 
finely divided solids, passing said gases through said re¬ 
action zone at a velocity sufficient to carry the finely divided 
solids out of said reaction zone, removing gases and solids 
from the upper end of said zone, introducing finely divided 
solids into said reaction zone at a rate sufficient to replace 
the solids removed therefrom and maintain a concentra¬ 
tion of solids within said zone of at least 3% by volume 
whereby a relatively dense, highly turbulent mixture of 
finely divided solids and gases is maintained within said 
zone, and passing a cooling medium [F/H p. 28] in heat 
exchange relation with said dense, turbulent mixture to 
extract heat therefrom and maintain the desired reaction 
temperature. 

4. In a process for contacting gases and solids in which 
a substantial heat effect is obtained and wherein the gases 
are treated in the presence of finely divided solids, the 
solids treated in the presence of a gas, or both the solids 
and gases are reacted; the improvement in the method of 
controlling the temperature of said reaction which comprises 
passing said gases upwardly through a reaction zone con¬ 
taining a body of said fiinely divided solids, passing said 
gases upwardly through said reaction zone at a velocity 
sufficient to carry the finely divided solids from said re¬ 
action zone, removing gases and solids from the upper end 
of said zone, introducing fiboely divided solids into said re¬ 
action zone at a rate sufficient to replace that removed 
therefrom and maintain a concentration of solids within 
said zone of at least ZJo by volume whereby a relatively 
dense, highly turbulent mixture of finely divided solids 
and gases is maintained within said zone, modifying the 
temperature of at least a portion of the solids removed from 
the top of said zone, and thereafter returning said portion 
to the reaction zone to control the temperature thereof. 
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5. In the process defined by Claim 4, the further im¬ 
provement which comprises cooling at least a portion of 
the solids removed from said reaction zone and returning 
the cooled portion to said reaction zone. 

[F/H p. 29] 6. In a process for contacting gases and 
solids wherein the gases are treated in the presence o^ 
finely divided solids, the solids reacted in the presence of a 
gas, or both solids and gases are reacted, and wherein a 
substantial heat effect results from the reaction; the im¬ 
provement in the method of controlling the temperature 
of said reaction which comprises passing the gases up¬ 
wardly through a reaction zone containing a body of said 
finely divided solids, maintaining a mixture of finely divided 
solids and gases within said reaction zone in a relatively 
dense, turbulent state, the density and turbulence of said 
mixture being sufficient to maintain a substantially uniform 
temperature throughout the reaction zone, and passing a 
heat exchange medium in indirect heat exchange with said 
dense, turbulent mixture within said zone to maintain the 
desired reaction temperature. 

7. In a process for carrying out exothermic reactions 
between gases and solids wherein gases are treated in the 
presence of finely divided solids, the solids treated in the 
presence of a gas, or both the solids and gases are reacted;, 
the method of controlling the temperature of said reaction 
which comprises passing the gases upwardly through a 
reaction zone containing a body of said fibaely divided 
solids, maintaining a mixture of finely divided solids and i 
gases within said zone in a relatively dense, turbulent state, 

the density and turbulence of said mixture being sufficient 
to maintain a substantially uniform temperature through¬ 
out the reaction zone, and passing a cooling medium 
[F/H p. 30] in indirect heat exchange with said dense, 
turbulent mixture within said zone to extract heat there¬ 
from and maintain the desired reaction temperature. 

8 . In a process for the catalytic conversion of hydro^ 
carbon oils wherein the oils to be converted are passed in 
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vapor form upwardly through a conversion zone containing 
a body of finely divided conversion catalyst; the improve¬ 
ment which comprises passing the oil vapors upwardly 
through said reaction zone at a velocity sufficient to entrain 
the finely divided conversion catalyst in said vapor stream, 
removing a stream of reaction vapors containing the 
entrained catalyst from the upper portion of said con¬ 
version zone, introducing finely divided solids into said 
conversion zone at a rate sufficient to replace that entrained 
in the vaporous reaction products and maintain a con¬ 
centration of catalyst within said zone of at least 3% by 
volume whereby a relatively dense, highly turbulent mix¬ 
ture of finely divided solids and vapors undergoing con¬ 
version is maintained within said conversion zone. 

9. A process for the catalytic conversion of hydro¬ 
carbon oils which comprises passing the oil vapors 
upwardly through a conversion zone containing a body of 
finely divided conversion catalyst, passing said gases 
upwardly through said conversion zone at a velocity suf¬ 
ficient to entrain the finely divided conversion catalyst in 
8 €iid vapors, removing a stream of vaporous conversion 
products and finely divided solids from the upper end of 
smd conversion zone, introducing finely divided conversion 
[F/H p. 313 catalyst into said conversion zone at a rate 
sufficient to replace that entrained in said vaporous con¬ 
version products and maintain a concentration of solids 
" within said zone of at least 3% by volume to thereby main¬ 
tain a relatively dense, highly turbulent mixture of finely 
divided solids and oil vapors within said conversion zone, 
separating catalyst from said conversion products, separat¬ 
ing finely divided conversion catalyst containing volatiliz- 
able reaction products and carbonaceous residues from said 
vaporous conversion products, treating the catalyst so 
separated to remove said volatilizable reaction products 
therefrom, thereafter introducing the catalyst so separated 
into a regenerating zone, passing an oxidizing gas upwardly 
through said regenerating zone at a velocity sufficient to 
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entrain the catalytic material therein, introdncing the 
finely divided conversion catalyst into said regenerating 
zone at a rate sufficient to replace that entrained in the 
regenerating gas and maintain a relatively dense, turbulent 
mixture of catalytic material and regeneration gas within 
said regenerating zone, said mixture having a solid con¬ 
centration of at least 3% by volume, passing a cooling 
medium in indirect heat exchange with said dense, turbulent 
mixture within said regenerating zone to extract heat 
liberated during regeneration of said catalyst, removing 
a stream of regeneration gas and entrained catalyst from 
the upper portion of said regenerating zone, thereafter 
separating the regenerated catalyst from the regeneration 
gas and returning said regenerated catalyst to said reaction 
zone. 

[F/H p. 323 10. In a process for the catalytic conversion 
of hydrocarbon oils wherein the oil ia converted in the 
presence of finely divided catalyst and wherein car¬ 
bonaceous deposits form on said catalyst during said con¬ 
version treatment; the improvement in the method of 
regenerating said catalyst which comprises passing the 
catalyst to be regenerated into a regenerating zone, passing 
an oxidizing gas upwardly through said regenerating zone 
at a velocity sufficient to entrain the finely divided catalyst 
therein, introducing the catalyst to be regenerated into said 
zone at a rate sufficient to replace the catalyst entrained in 
said gas and to maintain a relatively dense, turbulent 
mixture of catalytic material undergoing regeneration 
within said regenerating zone, passing a cooling medium in. 
indirect heat exchan^ with said catalyst ^undergoing 
regeneration within said re^nerating zone to extract heat 
liberated during the burning of said combustible deposits, 
and removing regenerated catalyst from the regenerating 
zone. 

11. The process substantially as herein described. 

• • • J . . . . ' Waebbn K. Lewis 

Enwnr B. Gilliland 
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Extracts from Amendment Filed May 30,1945 

[F/H p. 49J -^As previously described, the reaction 

zones, wMch may include either the cracking zone or the 
regenerating zone, may be provided mth suitable heat ex¬ 
change elements or tubes for adding or extracting heat 
from the reaction zones. For example, the cracking vessel 
1 may be provided with heat exchange tubes 26 and the rer. 
generator 18 may be provided with similar heat exchange 
tubes 27. 

Also, as previously described, a portion of the solids 
leaving the reaction'vessels may be cooled and recycled 
[F/H p. 50] to control the temperature. For. example, a 
portion of the solids withdrawn from the cracking vessel 1 
through the settling zone 8 may be recycled through line 28 
and heat exchanger 29 and thereafter be introduced into 
the stream of regenerated catalyst passing through the line 
23. Likewise a portion of the regenerated catalyst passing 
through line 23 may be passed upwardly through the heat 
exchanger 29 and line 28 where it merges with spent catalyst 
passing through line 12. The resulting mixture may then 
discharge into the regenerating zone as previously 
described.- 

• • • 

[F/H p. 56] The objection raised to the reference to 3% 
by volume appearing on page 14, line 22, and page 21, line 
9, has been corrected by stating that it is 3% by volume of 
the reaction zone. Since the space not occupied by tiie 
catalyst in the zones is occupied by gases, the statement 
that the concentration of the. catalyst is at least 3% by 
volume also necessarily implies that it is 3% by volume ^f 
the mixture of solids and gases in the treating zone, as 
stated on page 9, lines 12 to 14 . ' - • • 

The Office Draftsman has been requested to correct the 
drawing to show the provision of heat exchange elemente 
in the regenerating zone and also to show the cooling and 
recycling of the catalyst as described on page 8, first para¬ 
graph. 
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Each of the claims, in addition to specifying the concen¬ 
tration of catalyst in the treating zone of at least 3% by 
volume, also states that the concentration is sufficient to 
form a turbulent mixture similar to a “mobile qnasi-liqnid 
mass The basis for this inclusion in the claims appears on 
page 7 of the specification, lines 6 and 10. From this 
disclosure it will be seen that in the applicants’ operation 
in which the feed rate of the solid catalyst is adjusted with 
respect to the velocity of the gases it is possible to maintain 
a condition within the reactor similar to that which is 
obtained by passing the gases upwardly at a low velocity 
insufficient to carry the powder out of the treating zone but 
[F/H p. 573 sufficient to convert the powder into a fluid 
mass having the appearance of a boiling liquid (page 2, 
second paragraph). Applicants’ invention, therefore, 
makes it possible to obtain the advantages previously ob¬ 
tained at low velocity, including high concentrations of 
catalyst and uniform temperature conditions at sub¬ 
stantially increased throughput of gases. 

• • • 

Claims 1 to 5 and claims 8 and 9 have also been amended 
to state that the concentration of the catalyst is at least 3% 
by volume of the reaction or regenerating zone. 

• • • 

CF/H p. 6 I 3 Each of the added claims requires that the 
gases passing through the contacting zone be at a velocity 
sufficient to blow the solid particles out of the zone but that 
the rate of flow of the solid particles into the zone is regu¬ 
lated to maintain a concentration of at least 3% by volume 
within the zone. These claims are therefore considered 
patentable for the same reasons previously set forth in con¬ 
nection with the original claims. 

• • • 
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[F/H p. 68] 24. In a process for contacting a gasiform 
material and a finely divided solid, the improvement which 
comprises passing said gasiform material upwardly at a 
velocity between about .3 and 7.8 feet per second through a 
contacting zone containing a body of said solid in particles, 
the largest of which are not larger than about 10 mesh, 
which include particles between 200 and 400 mesh, and 
the major portion of which passes 100 mesh, said gasiform 
material being introduced into said [F/H p. 69] zone 
through an entrance of more restricted cross-sectional 
area than said contacting zone, continuously removing 
gasiform material from the upper end of said zone, con¬ 
tinuously removing solid from said zone and continuously 
introducing finely ^vided solid into said zone at a rate suf¬ 
ficient to replace the solid removed therefrom and maintain 
within said zone a body of relatively dense, highly turbulent 
mixture of finely divided solid and gasiform material, con¬ 
taining at least about 6.6% by volume of said solid. 

25. Process according to claim 24 in which the velocity 
of gasiform material through the contacting zone is between 
about .51 feet and 2.29 feet per second. 

26. ProceUs according to claim 24 in whidi the finely 
divided solid is present in the form of particles of various 
sizes, the largest of which are not larger than about 10 mesh 
which include sizes between about 200 and 400 mesh, and'the 
major portion of which passes 100 mesh. 

27. In a process for converting hydrocarbons in the 
presence of a finely divided catalyst, the improvement 
which comprises passing said hydrocarbons in vapor phase 
upwardly at a velocity between about .3 and 7.8 feet per 
second throu^ a reaction zone maintained under suitable 
conditions of temperature and pressure to promote crack¬ 
ing, and containing a body of finely divided catalyst in 
particles, the largest of which are not larger than about 
10 mesh, which include sizes between about 200 [F/H 
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p. 703 mesh and the major portion of which 

passes 100 mesh, said vapors being introduced into said 
reaction zone through an entrance of more restricted 
cross-sectional area than said reaction zone, continuously 
removing vaporous conversion products from the upper 
end of said reaction zone, continuously removing finely divi¬ 
ded catalyst from said zone and continuously introducing 
finely divided catalyst into said zone at a rate sufficient to 
replace the catalyst removed therefrom and to. maintain 
within said zone a body of relatively dense, highly turbulent 
mixture of finely divided catalyst and vapors, containing 
at least about 6.6% by volume of said catalyst. 

28. Process according to claim 27 in which the velocity 
of the vapors through the reaction zone is between about 
.51 and about 2.29 feet per second. 

29. Method according to claim 27 in which the finely 
divided catalyst is present in the reaction zone in the form 
of particles of various sizes, the largest of which is not 
larger than about 10 mesh which include sizes between 200 
and 400 mesh, and the major portion of which passes 100 
mesh. 

Rbmabks 

This amendment is filed pursuant to an oral interview 
kindly accorded applicants and their counsel by the Primary 
Examiner, whose courtesy and cooperation Me hereby 
acknowledged. At that interview the background of the 
present invention, its [P/H p. 713 relation to the prior art, 
and the unexp^ed nature of the applicants’ discovery were 
discussed in the manner hereafter set forth. 

At the time the present applicants entered the field, 
the catalytic cracking of hydrocarbons utilizing fixed cata- '• 
lyst beds was an established conunercial process. It was 
attended,, however, with disadvantages which stimulated 
those engaged in the art of cracking hydrocarbons to en- 
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deavor to develop a catalytic cracking method which could 
be run in a continuous manner as distinguished from the 
blow-and-run type of operation in commercial practice. 

Applicants’ assignee, with its very large corps of highly 
trained experts in the field, was pursuing an active develop¬ 
ment program on this type of method. These experts, after 
careful consideration of the various possible procedures 
and with full cognizance of the prior art, were proceeding ^ 
in the direction of a high velocity coil type reactor of the 
type shown in Figure 1 of Patent No. 2,305,569 to Degnen. 
Present applicants were trying to stimulate interest in an 
up-flow type of operation, and this type of operation was 
the subject of considerable discussion. It was generally felt, 
however, that this type of operation was not commerdally 
attractive because of the difficulty of securing in a reaction 
zone of practical size, the desired concentration of catalyst. 
It was quite evident that in estimating what catalyst con¬ 
centrations could be obtained [F/H p. 72] in such an opera¬ 
tion, these experts were being guided by the known physical 
laws, sudi as Stokes’ Law and Newton’s Law. 

These applicants finally undertook some studies of the 
flow characteristics of finely divided solids in up-flowing 
gas streams. It was in the course of these studies that 
they discovered that within a certain fairly narrow range 
of flow velocities, extraordinarily high concentrations of 
solid many times that predictable from Stokes’ Law could 
be obtained in a contacting zone into which an upwardly 
flowing gas and finely divided solid were fed. These un¬ 
expectedly large concentrations of solid were obtained 
within a range of flow velocity from about .3 to about 7.8 
feet per second of gas through the contacting zone. 

When these studies were completed, applicants’ assignee, 
having up to this point failed to achieve the desired success 
with the tube reactor, set up a pilot plant designed in such 
a way as to take advantage of the data which applicants 
had acquired. Operation in this pilot plant quickly estab¬ 
lished the tremendous practical importance of tiie data 
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constituting the basis for the present invention, and rapid 
strides were made toward the practice of catalytic crack¬ 
ing on a commercial scale in accordance with applicants^ 
disclosure. These commercial plants operate precisely 
within the preferred range of vapor velocity through the 
reactor, catalyst feed rate, and catalyst concentration in 
the reactor disclosed in the present application. In short, 
the [F/H p. 73] invention described and claimed herein 
constituted an indispensable factor in the development of 
catalytic cracking according to the fluidized catalyst tech¬ 
nique. This, in brief, was applicants * contribution to the art. 

With applicants’ origmal application there was filed a 
drawing, of which Figures 1 and 2 are curves showing the 
variation in clay concentration in pounds per cubic foot of 
the vaporous reactant within the reaction space with feed 
rate of clay in pounds per minute per square foot of reactor 
cross-section at different vapor velocities. In applicants’ 
original specification these curves were discussed with ref¬ 
erence to the amount of day feed required to maintain a 
clay concentration of 10 pounds per cubic foot in the vapor¬ 
ous reactant in the reaction space. In this way applicants 
emphasized the desirability of maintaining this concentra¬ 
tion, although they specifically stated that higher concentra¬ 
tions could be maintained. For example, 10 pounds per 
cubic foot of the particular clay referred to, which had a 
specific gravity of about 2.4, represented a volume of 6.6%. 
This figure is obtained by multiplying 62.5 pounds (the 
weight of water) by 2.4 to obtain the weight of a cubic foot 
of the clay, and tiben determining in the usual way the 
volume per cent of a cubic foot occupied by 10 pounds of the 
clay. In their specification on Page 9, the applicants pointed 
out that solid concentrations as high as 10% or 15% or 
higher could be maintained. 15%, for example, would repre¬ 
sent 22% pounds of clay per cubic foot In commercial 
[F/H p. 74] operations, the concentration employed lies 
between about 10 pounds and 22% pounds per cubic foot 
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Beferring to these corves in Figores 1 and 2 , it 'will be 
observed that at a velocity of .51 feet per second, the rate 
of day feed required to Tnaintain 10 pounds per cubic foot 
in the reactor is very low. It'will be understood that as the 
velocity decreases, the rate of clay feed to adneve the 
desired concentration in the reactor is also reduced. But 
applicants have pointed out that one of the desired ob¬ 
jectives, according to their method, is to maintain high 
turbulence in the contacting zone. (See points 1 and 2, 
page 7; the last sentence of point 3, page 8; the last para¬ 
graph of page 12, for a few of the references to this feature.) 
Applicants set a velodty of .3 feet per second as the 
minimum at which the desired turbulence could be obtained. 

Beferring to figure 2, it 'will be observed that in order 
to maintain a day concentration of 10 pounds per cubic 
foot at a velodty of 7.8 feet per second, the rate of catalyst 
feed required is 3800 pounds per minute per square foot of 
reactor cross-section. This, in other words, represmiis the 
practical limit of gas velodty at which the advantages of 
applicants’ invention can be realized. As a matter of fact, 
as -will be pointed out later, this represents also the upper 
end of the velodty range at whidx the accumulation of solid 
in the contacting zone [F/H p. 75J greatly exceeds what 
could have been predicted from known physical laws. 

Attadied hereto as Exhibit 1 is a family of curves. The 
lowermost solid curve designated by ‘^d” represents the 
loading of the contacting zone in pounds per cubic foot of 
solid which would be expected at different velodties of 
gas through said contacting zone in feet per second at a 
constant day feed rate of 60 pounds per minute per square 
foot of reactor, if there were no slippage at all between 
the solid and ^e gas. Thus, 60 pounds per minute per 
square foot at a velodty of 1 foot per second would mean 
that a volume of the contacting zone one square foot in 
cross-section and one foot hi^ would contain 1 pound of 
solid. If the velodty were cut in half^ there 'would be two 
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pounds of solid in the same volume. If the velocity were 
increased to 2 feet per second, there would be only % 
pound of solid in the same volume. At a velocity of 4 feet 
■per second, there would be only ^ pound of solid in the 
same volume, and so forth. 

The next higher curve on Exhibit 1 in dotted line, desig¬ 
nated by “c”, represents the loading of the contacting zone 
that could have been predicted from Stokes^'Law; thus 
taking into account the tendency of the catalyst particles 
to settle. The points on this curve were calculated on the 
basis of a solid having an average particle size of 200 mesh. 
In determining the points on this curve, resort was had. to 
the expression of Stokes* Law given in Perry’s “Chemical 
[F/Hp. 76] Engineers* Handbook**, Second Edition, at 
Pages 1856 et seq. This law is stated by the foUowmg 
equation; 

V = gd* (p soL ~p gas), 

18 

in which “g** represents the force of gravity, “d** is the 
diameter of the particles in feet, p soL is the density of the 
solid, and p gas is the density of the gas, and n represents 
the viscosity of the gas. In solving this equation for “V**, 
the density of the solid was taken as 1.7 and that of the 
gas as .04, while the viscosity of the gas was taken as .036 
centipoises, which was converted into pounds per second 
per foot by multiplying by 0.000672. It might be observed 
here that the density used for the clay in this equation is 
the so-called skeleton density, which is somewhat lower than 
the density given in applicants* specification, which is the 
absolute specific gravity. The L7 was a determined density. 
It makes little difference in the results of the present com¬ 
parison whether 1.7 or 2.4 is used, since in the latter case 
the first point on the curve is merely a little higher, while 
the point at 2 feet per second velocity is about the same. 
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By solving this equation for there was obtained a 
figure representing the falling velocity of the partidea. This 
was .46 feet per second.- It may be pointed ont here that 
the above equation is for spherical partides, and a correc- 
tion factor must be applied to take into account the non- 
spherical shape of the partides. In this case, the correction 
factor employed was 50%, making V = .23 feet per [F/H 
p. 773 second. Having the falling velodty of the solids and 
the velocity of the gas, it was possible to calculate on the 
basis of the feed rate of the solid, the accumulation in the 
contacting zone for different velodties. This accumulation 
for a velodty of .5 feet per second amounts to 3.7 pounds 
per cubic foot. At a velodty of 1 foot per second it amounts 
to 1.3 pounds per cubic foot. At a velodty of L5 fed per 
second it amounts to .7 pounds per cubic foot. At a velodty 
of 2 feet per second, it coinddes with the feed catalyst con¬ 
centration which would be .obtained without any slippage. 
In other words, the influence of slippage disappeared at a 
velodty of 2 feet 'per second. 

It may be pointed out here that when in the fore¬ 
going formula is calculated for particles of smaller diame¬ 
ter, the value of becomes smaller, and therefore the 
accumulation in the contacting zone for a given velodty 
becomes smaller. Thus, calculated for a partiole size 
of 300 mesh, would produce a curve lying below the dotted 
curve on Exhibit 1. This follows from the fact that 
varies with the square of the radius of the iMurtides. 

The next higher curve, designated by **a”, represents 
the loadings obtained acc»rdifig"1»^the data given in the 
present application. This curve was plotted from appli¬ 
cants’ Figures 1 and 2. Referring to figure 1, it will be 
ob^rved, with a catalyst feed rate of 60 pounds per minute 
per square foot, the loading at .51 feet per second was about 
13.5. This is tiie uppermost point on Curve ^*a”. ' Again 
referring to Figure 1, the loading at .99 feet per second is 
about 11, while that at L46 feet per IF/H p. 78] second 
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is abont 10.3. These are the two next lower points on 
Curve ‘*a” in Exhibit 1. 

Eeferring to Figure 2, it will be seen that at a catalyst 
feed rate of 60 pounds per minute per square foot, the load¬ 
ing is about 2 pounds per cubic foot, shown on Curve “a” 
in Exhibit 1. Likewise, at 5 feet per second, according to 
Figure 2, the loading is about 1 pound per cubic foot, as 
shown on Curve ‘‘a” in Exhibit 1. Eeferring again to 
Figure 2, it will be seen, at a velocity of 7.8 feet per second, 
the loading is only about 2/10 pound per cubic foot, or 
only slightly above that shown in Curve “d** of Exhibit 1, 
which at a velocity of 8 feet per second would provide a 
loading of about Vs pound per cubic foot. 

The top curve on Exhibit 1, labelled “b”, is based on 
actual plant data, in which was employed a catalyst, 99% 
of which passed through 200 mesh. It will be observed that 
this curve takes the same general form as Curve **a”, but 
shows higher actual loadings on a plant scale than those 
indicated by applicants^ data. In this case also it will be 
observed that as the velocity approaches 7.8 feet per second, 
the loading curve rapidly approaches Curve “d”, showing 
that at about 7.8 feet per second, the advantages inherent in 
applicants’ invention diminish to the vanishmg point. 

Also submitted herewith are Exhibits 2 and 3. Exhibit 
2 is a curve representing the ratio between the actual load¬ 
ing obtained in pounds per cubic foot in the contacting 
zone, in [F/H p. 793 accordance with applicants’ discovery, 
and the loading in the contacting zone predictable from 
Stokes’ Law for different velocities. The points in this 
curve were taken from Exhibit 1. Eeferring to the latter 
Exhibit, it will be observed that at a velocity of .5 feet per 
second, the loading according to Stokes’ Law is about 3.7 
pounds per cubic foot, while in accordance with applicants’ 
data, it is 13.5. The ratio between the two is therefore 
about 3.6, which is the first point on the curve of Exhibit 
2. At a velocity of 1 foot per second, the loading according 
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to Stokes^ Law is about 1.3, while according to applicants’ 
data it is about 11.6. The ratio between the two therefore 
is about 8.9, which is the second point on the curve of 
Exhibit 2. Beferring again to Exhibit 1, the loading ac¬ 
cording to Stokes’ Law, at a velocity of 1.5, is about .8, 
while according to applicants’ data, it is about 7.7 pounds 
per cubic foot, making the ratio between the two 9.6, which 
is the third point on the curve of Exhibit 2. 

Beferring to Exhibit 1, it will be observed that at a 
velocity of 2 feet per second, the loading according to 
Stokes’ Law is about .5, whereas according to applicants’ 
data it is about 2.35, making the ratio between the two 
approximately 5, which is the next point on the curve of 
Exhibit 2. At a velocity of 3 feet per second, the loading 
according to Stokes’ Law is % pound per cubic foot, but 
according to applicants’ data it is about L5, making the 
ratio 4.5, which is the next point on the curve. Beferring 
again to Exhibit 1, at a velocity of 4 feet per second, the 
loading according to Stokes’ Law is ^ pound per cubic 
foot, while according to applicants’ data it is about 1.2 
pounds per cubic foot, making the ratio 4.8, which [P/H 
p. 80] is the next point on the curve in Exhibit 2. Accord¬ 
ing to Exhibit 1, the loading under Stokes’ Law at 5 feet 
per second is Vs pound per cubic foot, while according to ap- 
plicants’ data it is 1, making the ratio 5, which is the next 
point on the curve of Exhibit 2. Beferring to Exhibit 1 
again, it is found that the loading according to Stokes’ Law 
at 6 feet per second is Ve pound, whereas according to appli¬ 
cants ’ data it is about .8 pound per cubic foot, making the 
ratio between the two about 4.8, which is the next point on 
the curve of Exhibit 2. 

Finally, as has been pointed out above, the loading 
according to Stokes’ Law at 7.8 feet per second, while not 
shown on Exhibit 1, would be 1/7.8 pounds per cubic foot. 
Beferring to applicants’ Figure 2, it .will be seen that at 
a catalyst feed rate of 60 pounds per minute , per sqnaro 
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foot, at a velocity of 7.8 feet per second, the loading wonld 
be 2/10 ponnd per cubic foot, which wonld give a ratio of 
about 1.6. In other words, between the velocity of 6 feet 
per second and 7.8 feet per second, the ratio between the 
loading obtained according to applicants’ discovery and 
that predictable according to Stokes’ Law decreases mark¬ 
edly and rapidly approaches 1. 

Now this is a significant thing. The normal expectation 
would have been that the ratio between the actual loading 
obtainable and that predictable according to Stokes’ Law 
would have been 1 at all velocities, and this ratio is shown 
as the solid horizontal line in Exhibit 1. Apparently, from 
[F/H p. 81] applicants’ curves at low velocities, less than 
.3 feet per second, this ratio is 1 or very close to it. On the 
other hand, it was known and could be calculated that settling 
of solids according to Stokes’ Law, especially in the small 
particle range with which applicants are concerned, influ¬ 
enced the slip only in very low velocity ranges below about 
.3 feet per second. It was also known, or certainly to be 
expected, that if there were any disparity between the 
actual load and that predictable from Stokes’ Law, this 
disparity would rapidly diminish with increase in velocity 
because, as pointed out above, the effect of settling accord¬ 
ing to Stokes’ Law exerts an influence only at very low 
velocities. In any case, one would not expect this disparity 
between actual loading and that predictable from Stokes’ 
Law to increase at any time with increase in velocity. 

Applicants have found, contrary to all expectations,. 
that in a velocity range between about .3 and about 7.8 
feet per second, there is an extraordinarily anomalous 
accumulation of finely divided solid in the contacting 
zone. There is no apparent explanation for this phe¬ 
nomenon. One might possibly expect that at low veloci¬ 
ties the accumulation would be somewhat higher than calcu¬ 
lable by Stokes’ Law by reason of agglomeration of par- 
ticleSt It would be reasonable to assume, however, that 
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this cause for increased accumulation would disappear with 
increase in velocity, since the increased velomty tends to 
break up agglomerates. Thus, it would have been expected 
that even if the ratio between the actual loading [F/H p. 82J 
and that calculable from Stokes* Law were higher than 1 
at, say, .5 feet per second, this ratio would decrease in a 
more or less steady manner with increase in velocity. There 
is nothing in the present knowledge of the physical laws 
applicable to mixtures of solids and gases from which one 
might have the slightest reason to expect that instead of 
dimiTiiahing ^ this ratio rises to a peak at a velocity of about 
L5 feet per second and then diminishes over a range of 
velocities up to about 7.8, before approaching what might 
have been predicted, being at all points within this range, 
except the very ends thereof, a fairly large multiple of 
what might have been predicted. 

It has already been pointed out that one reason for the 
selection of .3 feet per second as the lower limit of the 
velocity range was the desire to achieve strong turbulence 
in the contacting zone. Exhibit 2 reveals another reason. 
If the solid curve is extrapolated downwardly from the 
value at .5 feet per second on the same slope which it 
possesses from that point upwardly, it hits the expected 
ratio of 1 at a velocity of about .3 feet per second. 

It has also been explained that 7.8 feet per second was 
named an upper limit because above this velocity the feed 
rate of the catalyst required to maintain a density of 10 
pounds per cubic foot of solid in the contacting zone 
becomes prohibitively high. Exhibit 2 shows in addition 
that the ratio between the loadings actually achieved ac¬ 
cording to applicants* invention and those predictable 
from Stokes* Law rapidly [F/H p. 83J approaches 1, as 
the velocity approaches 7.8 feet per second. Actually, the 
tremendous practical advantage resulting from the unex¬ 
pected accumulation of solid in the contacting zone within 
the range discovered by the present applicants approaches 
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the vanishing point at a velocity of abont 7.8 feet per second. 
Thns, Exhibit 2 reveals a second reason for the upper limit 
of 7.8 feet per second. 

Actually, of conrse, 7.8 feet per second is not an ab¬ 
solutely inflexible figure. It happened to be the velocity 
of the gas in the run in which the data for the lower¬ 
most curve in applicants’ Figure 2 were obtained. It does 
turn out to be, however, very close to the maxiTmiTn per¬ 
missible velocity, as can be seen from Exhibit 2, if the 
unexpected advantages of applicants’ invention are to be 
secured, and is satisfactory for applicants’ purpose as an 
upper limit of the anomalous range. 

• • • 

[F/H p. 85J Consideration of the exhibits submitted here¬ 
with demonstrates that applicants have made an empirical 
discovery—a heretofore unrecognized physical phenomenon 
which is of tremendous practicsd importance in the contact¬ 
ing of gases with solids. The prior patented art and the 
prior published knowledge are entirely devoid .of any hint 
of the existence of this phenomenon. The related art makes 
no mention of the [F/H p. 86J occurrence of this extra¬ 
ordinary accumulation within the fairly limited range of 
velocities discovered by the present applicants. Those who 
dealt with the art previously discussed gas velocity purely 
in terms of adequacy to maintain the solid in suspension. 
They apparently proceeded on the more or less reasonable 
concept that the greater the velocity of the gas, the greater 
would be its carrying power, and, therefore, to increase 
concentration of the solid one simultaneously increases gas 
velocity and solid feed rate. This concept was found by 
applicants not to hold true within the limited velocity range 
specified, in which in the first portion of the range accumu¬ 
lation in the contacting zone can be increased by increasing 
velocity while holding catalyst feed rate constant. 
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[F/H p. 108] The claims submitted herewith differ 
slightly in another respect from the exact claim discussed 
with the Examiner. The latter contained the following 
terminology —^ ‘ and maintain a concentration of solid within 
said zone of at least 6.6% by volume of vapor space in said 
zone, whereby [F/H p. 109] a relatively dense, highly 
turbulent mixture of finely divided solid and gas is main¬ 
tained within said reaction zone.” Now, the maintenance 
of this relatively dense, highly turbulent mixture goes to 
the very core of applicants^ invention. On reconsideration, 
therefore, it was decided that it would be undesirable to 
express so important a phase of applicants’ invention as a 
‘^whereby” clause. It was thought to be more desirable to 
express it as a positive limitation in the claim. Therefore, 
the quoted language has been replaced in the claims by the 
expression *^and maintain within said zone a body of 
relatively dense, highly turbulent mixture of finely divided 
solid and gasiform material, containing at least 6.6% by 
volume of said solid.” In recasting this clause, the phrase¬ 
ology ‘‘similar to a mobile, quasi-liquid mass” has been 
omitted, since it is thought to add nothing to the claim, 
being of somewhat indeterminate meaning in any case. 

• • • 

[F/H p. 114] In all these exhibits, anomalously high load¬ 
ings are shown between the velocities of .3 feet per second 
and 7.8 feet per second. 

• • • 

[F/H p. 115] Applicants have endeavored to present in 
this amendment, ^e minimum number of claims to which 
they believe themselves entitled, and the fullest possible dis¬ 
cussion of the entire situation. In closing, applicants wish 
to emphasize that what they seek protection on here is 
the commercial application of an unexpected and unpredic¬ 
table departure from the known laws regarding the move¬ 
ment of mixtures of gases and solids which they have dis¬ 
covered. They reiterate that what they have discovered is 
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not derivable from the published literature. They wish to 
emphasize that no prior art referred to herein gives any 
information from which it could have been suspected that 
between gas velocities of .3 and 7.8 feet per second, one 
£F/H p. 1163 coTild obtain in a contacting zone extraordi¬ 
narily high accumulations of solids of the general particle 
size specified in applicants’ claims. It is submitted that 
applicants have made an empirical discovery on the com¬ 
mercial application of which they are entitled to patent 
protection. 

• • • 

[F/H p. 117] Staitdaed Oil Development 

Company 

Linden, New Jersey 
Patent Department 

26 Broadway, New York 4, N. Y. 
October 22,1945 

W. E. Currie 

Yice President 

P. L. Young 

Patent Attorney 

Air Mail 

Mr. C. S. Duncombe 
Division 31, 

United States Patent Office 
Richmond, 'Virginia 

Dear Mr. Duncombe; 

* I wish to thank you for the appointment for an inter¬ 
view on Wednesday, October 24th. We expect to arrive 
about 1:30. 

It has occurred to me that matters would be facilitated 
if you know exactly what we wish to discuss. We wish to 
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consider with yon the possibility of obtaining in Serial No. 
544,896 a claim abont as follows: 

‘‘In a process for contacting a gas and a finely divided solid, 
the improvement which comprises passing said gas np- 
wardly through a contacting zone containing a body, of said 
finely divided solid, at a velocity between abont .3 and 7.8 
feet per second, removing gas and finely divided solid from 
the upper end of said zone and introducing finely divided 
solid into said zone at a rate sufficient to replace the solid 
removed therefrom and maintain a concentration of solid 
within said zone of at least 10 pounds per cubic foot of 
vapor space in said zone whereby a relatively dense, highly 
turbulent mixture of finely divided solid and gas is main¬ 
tained within said reaction zone similar to a mobile quasi¬ 
liquid mass.” 

In a more specific claim, we will recite a velocity range of 
.51 feet per second to 2.29 feet per second. 

With respect., to the references, we wish to take the 
position that none of those relied upon teaches anything 
about the velocity of reactants through the reaction zone 
or the concentration of the catalyst in the reaction zone. 

As to Huppke, we will rely on the fact that his reactor 
is of a type such that the concentration of the catalyst 
[F/H p. 1181 reactor cannot be substantially more 

than in the feed. We will further call attention to the 
specific ratio of reaction gas to powdered catalyst given in 
Line 28, Column 2 of Page 2. 

As to Degnen, we wUl contend that the velocity range 
given in the paragraph starting at Line 46, Column 1, Page 
3, must be applied to both Figures 1 and 2, because the 
amendment to Line 46-47 was inserted long after the filing 
date of the present application. We will contend further 
that if the specific velocity range given by Degnen is held 
not to be applicable to Figure 2, then his disclosure is de¬ 
void of any teaching as to velocity in this figure. 
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As to Carpenter, it is our position that the disclosure 
beginning at Line 20, Claim 1, Page 2, is inadequate to teach 
vapor velocity through the reaction zone. The last sentence 
of this paragraph does not convey the desired information, 
because velocity will depend on a cross-section area of the 
reactor'which is not given. 

We will contend that Odell contemplated a fundamentally 
different type of operation, in which the catalyst was merely 
jiggled as distinguished from being carried along in the 
vapor phase in a homogeneous mixture resembling a liquid. 

We further intend to show that within the velocity 
ranges specified in the claim, there is an entirely miex- 
pected and very unusual relationship between catalyst con¬ 
centration in the reactor and in the feed. 

I trust that these preliminary observations will facili¬ 
tate the course of the interview. 

Very truly yours. 

Patent Division 

P. J. Whelan 

By P. J. Whelan 
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Extracts from Exammer’s Rejection Dated May 7, 1946 

[F/H p. 129] Claims 24 to 29 are further rejected as 
unpatentable over each of the Hnppke, Belchetz, Carpenter, 
Odell and Degnen patents for the reasons of record. It is 
considered that each of these references teaches a catalytic 
cracking process under snch conditions that a turbnlent, 
relatively dense mass of catalyst particles is maintained 
in the reaction zone. The Hnppke, Odell and Degnen 
patents clearly teach that the Y&ipOT velocity and particle 
size are so correlated that a relatively dense mass of 
catalyst is maintained in the conversion zone. The deter¬ 
mination of the specific nnmerical valnes of these two 
factors is not considered to involve the exercise of inven¬ 
tion. The Belchetz and Carpenter patents clearly operate 
in the range of densities recited in the claims. Under snch 
circumstances, the vapor velocity is not considered to be 
criticaL It will be noted that if these references operate 
at higher velocities than those recited in the claims, they 
merely achieve all the objects sought by applicants (i.e., 
greater turbulence, high throughput, large reaction sur¬ 
face) to a greater extent The claims cover substantially 
all the lower velocities at which particles could be carried 
overhead in suspension as required by Carpenter and 
Belchetz. 

Applicants’ arguments as to the criticality of the recited 
velocity range have been carefully considered. It appears 
that applicants attempt to prove criticality by showing 
that the densities obtained are not what would be expected 
by Stokes’ law. Why Stokes’ law should be expected to 
apply here at all is not explained. It would [F/H p. 130] 
seem to be clear, without the proof offered by applicants, 
that Stokes’ law is inapplicable. As pointed out in the 
Gaudin volume cited above Stokes’ law is applicable to a 
single homogeneous sphere in a fluid extending in dU direc¬ 
tions to infinity in a uniform field of force, and where the 
velocity is low enough to cause viscous flow (page 166, third 
and fourth complete i)aragraphs). The conditions in appli¬ 
cants’ contacting zone depart from those making Stokes’ 
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law applicable in almost every respect Thus, a great many 
particles are present rather than a single particle. Nor 
does the fluid extend to infimty. Wall effects are obviously 
present due not only to the walls of the vessel itself 
(Gaudin, pages 183-185), but also to those of other particles 
(pages 188-191). Again, the field of force is not uniform 
due to the presence of these other particles (pages 188-198). 
Furthermore, applicants specifically call for high turbu¬ 
lence in the contacting zones. Under such circumstances, 
it would be surprising if Stokes’ law did apply. It is diffi¬ 
cult to see how applicants can prove criticality by setting 
up as a criterion a law which is obviously inapplicable and 
then showing that it is inapplicable. 

Moreover, even if Stokes’ law were applicable and 
showed that the densities obtained were unexpected, there 
is no data to show that in actual hydrocarbon conversions 
better results are obtained than is attained in the two types 
of operation set forth on pages 2 to 6 of the specification. 
Also, the basis for obtaining curves (a) and (c) in appli¬ 
cants’ exhibits are not the same. In applying pF/H p. ISIJ 
Stokes’ law, it is assumed that the particles are of uniform 
200 mesh size. But the data from which curve (a) is ob¬ 
tained relates to ‘‘particles of widely varying size, the 
finest being very small (below 5 microns), and also some 
very coarse particles” (last 3 lines of page 9). Further¬ 
more, the data obtained by applicants relates to air as the 
fluid. Such experiments can prove no criticality as to a 
hydrocarbon conversion. 

Claims 24 to 26 are further rejected as unpatentable 
over each of the Muller et aL, Osterstrom et aL, Winkler 
et aL and Winkler patents. Note page 1, lines 61 to 66 
and 81 to 89, of Muller et aL; and page 2, lines 113 to 121 
of Osterstrom et aL Each of these references clearly 
correlates the vapor velocity with the particle size so that 
a relatively dense mixture is formed in the contacting zone. 
While nothing critical is seen in the specifically recited 
velocity ranges, it appears that the velocities used by 
Winkler and Winkler et aL fall directly within them. 
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Claims 27 to 29 are further rejected as unpatentable 
over each of the Belchetz, Huppke, and Carpenter patents 
in view of Muller et aL No invention is seen in operating 
■ the cracking processes of the first three references in the 
manner taught by Muller et aL, page 1, lines. 61 to 66 and 
81 to 89. The British 285,038 patent shows the type of 
apparatus contemplated by Muller et al. 

No claim is allowed. 

C. S. Dxtncombb 

E 

Examiner. 



Extracts from Amendment Filed August 13» 1946 

[F/H p. 132] In response to the Office Action of May 
7, 1946, in the above-entitled application, the following 
amendments and remarks are submitted: 

Claim 24, line 5, after ‘‘particles’’ insert—of different 
sizes—. 

Claim 26, line 3, change “10” to —^100—; replace the 
second comma by a period and cancel the rest of the claimu 

Claim 27, line 7, after “particles” insert —of different 
sizes—. 

Claim 29, line 4, change “10” to —100—; replace the 
comma by a period and cancel the rest of the claim. 

Add the following claims: 

30. A method according to claim 24 in which the solid 
is a catalyst for the conversion of the gasiform material 

31. A method according to claim 24 in which the amount 
of finely divided solid maintained in the contacting zone 
is not in excess of about 15% by volume. 

32. A method according to claim 27 in which the amount 
of finely divided solid maintained in the contacting zone 
is not in excess of about 15% by volume. 

• • • 



Amendment **E”, August 13,1946 

£F/H p. 134] Applicants* case for patentability rests 
on their discovery of a hitherto unrecognized phenomenon 
in the flow of mixtures of gases and solids. Applicants 
found that within certain relatively narrow limits of gas 
velocity extraordinary high accumulations of solid can be 
realized in a vessel through which the gas flows upwardly 
when the solid is present in particles of various sizes, in¬ 
cluding particles as small as 5 microns and larger particles, 
preferably not exceeding 10 mesh. Applicants have shown 
that curves expressing the ratio between the actual load¬ 
ings of solid obtained and those predictable from known 
physical laws have a decided and wholly inexplicable hump 
in the range of velocities between about .3 ft./second and 
7.8 ft./sec. Applicants contend that nowhere in the prior 
art is there any mention of this phenomenon or any teach¬ 
ing of the conditions under which it occurs. To that end, 
applicants have discussed in this record in exhaustive de¬ 
tail not only the various references made of record by the 
Examiner but other references in the prior art, demon¬ 
strating the absence from this prior art of any teaching 
of applicants* invention. 

• • • 

[F/H p. 153] Winkler et al, in patent 2,111,579, is 
likewise devoid of any teaching of the employment of finely 
divided particles having a wide particle size distribution 
in conjunction with gas velocities within a certain range. 
The gas velocity calculable from the data given in Ex¬ 
ample 1 is .14 ft./sec. while that calculable from Example 2 
is .16 ft/sec. These are well below applicants* TnmiTrmTn 
viscosity. The maximum size material contemplated by the 
patentee is 10 nuns., which is about five times as large as 
anything contemplated by applicants and about fifty times 
as large as the bulk of materia!used in applicants’ process. 
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[F/H p. 1563 Claims 24 to 32 are rejected as broader 
than applicants^ invention. These claims do not specify the 
point at which the solids are withdrawn from the contacting 
zone and are sufficiently broad to cover the well-known 
bottom draw-off systems now in common nse. Applicants’ 
disclosure shows no conception of this type of operation. 
To the contrary, the catalyst must be carried overhead 
entrained in the gas. While it is true that applicants state 
that they may introduce the solids at any point below the 
top of the contacting zone, there is no showing that with 
any type of operation, other than that shown in Figure 3, 
the recited numerical values are critical. 

Claims 24 to 32 are further rejected as unpatentable 
over each of the Huppke, Belchetz, Carpenter, Odell and 
Degnen patents for the reasons of record. If applicants’ 
operation is different from those of these references, it is 
considered to be merely a matter of degree and lacking in 
invention. With respect to the Carpenter patent, there is 
described catalyst-to-oil ratios of .5 to 15 by volume, the 
pressure being atmospheric to 50 lbs., for example about 
25 lbs., and the temperature being preferably about 
850-950°F. One cubic foot of liquid gas oil (molecular 
weight, about 280) at 900® F. and 25 lbs. per square inch 
will [F/H p. 157] occupy about 105 cu. ft. in the vapor state. 
Since 15 cu. ft. of catalyst may be used with this much oil, 
a total volume of 120 cu. ft. will be present. Of this total 
volume, therefore, the catalyst occupies about 12.5%. This 
density is weU within applicants’ range. Similarly, Bel¬ 
chetz’s catalyst concentration may be up to 18.5% by 
voltime. 

■ Applicants’ ar^ments with respect to the predictability 
of the density have been carefully considered. However, 
even if it were conceded that the densities attained by appli¬ 
cants exceed those predicted by Stokes’ Law, yet it is con¬ 
sidered that this is appreciated by the prior art. It is 
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considered tliat such references as Odell, Muller et al, 
Winkler and Winkler et al all obtain the “unexpectedly’’ 
greater densities claimed by applicants. 

Claims 24 to 26, 30, and 31 are further rejected as 
unpatentable over each of the Muller et al, Osterstrom et al, 
Winkler et al and Winkler patents for the reasons of record. 
Muller et al clearly discloses continuous operation at page 1, 
lines 81 to 89. Winkler 1,913,968 describes a layer of fuel 
particles kept in motion like a boiling liquid in the bottom 
portion of the contacting zone. The bottom portion has an 
area of 25 square meters, and 20,000 cubic meters of gas is 
admitted at the bottom. This corresponds to a gas velocity 
of about 0.73 ft. per second. The secondary reactions and 
gases in upper zone A are irrelevant here. The method 
used by applicants for computing the gas velocities in the 
Winkler et al 2,111,579 patent is not understood. The 
diameter of the reactor of Winkler et al is 1.1 meter, so 
that the cross-sectional area is about 1 square meter. In 
Example 1, 258 cubic meters of oxygen plus 258 cubic 
meters of water gas plus 40 kg. of steam at 400® C. and 3.5 
atmospheres (= about 33 cubic meters steam) is admitted 
[F/H p. 158] each hour to the fluidized bed in the reactor. 
The gas velocity is, therefore, about .152 meter per second, 
or about 0.5 ft. per second. Similarly, in Example 2, the 
gas velocity is about 0.6 ft. per second.' 

Claims 27 to 29 and 32 are further rejected as unpatent¬ 
able over each of the Belchetz, Huppke, and Carpenter 
patents in view of Muller et al for the reasons of record. 

No claim is allowed. 

The above action is made final. 

C. S. Buncombe, 

Examiner. 
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Affidavit of Homer Z. Martin Dated July 16, 1947 


[F/Hp. 1593 
State of New Jersey 
County of Union 


|ss.: 


Homee Z. Maetin, being duly sworn, deposes and says: 

That he received the degree of B.S. in Chemical En¬ 
gineering from Armour Institute in 1931, and a Ph.D. 
degree, majoring in Chemical Engineering, from the Uni¬ 
versity of Michigan in 1938; 

That he has been employed as a Chemical Engineer by 
the Standard Oil Development Company since 1937; 

That since his employ he has devoted himself to a study 
of the chemical engineering problems in catalytic crack¬ 
ing and, particularly, (since 1940) to that type of catalytic 
cracking which is known as the fluid catalytic cracking 
process in which the catalyst is employed as a finely divided 
solid and is maintained in the reactor in a fluidized 
condition; 

That he is at present Assistant Director of the Develop¬ 
ment Division of the Standard Oil Development Company, 
working exclusively on processes which utilize the fluidized 
solids technique; 

[F/Hp. 1603 That he was engaged in the study of 
catalytic cracking at a time when the only operating tech¬ 
niques for contacting gases with solids known in the art 
were 

1) Use of catalyst as a fixed bed; 

2) Use of catalyst as a cloud or fog carried in dilute 
suspension in reacting gasiform material; 

3) Use of catalyst in relatively coarse form as a 
permanent bed through which the vapors passed at 
a velocity sufficient to impart restricted vibratory 
motion to individual particles; 
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4) Mechanically mixing gas with solid in a rotary 
kiln or in a Herreshoff type furnace; 

That he, in association with other engmeers, studied 
these various techniques in an effort to develop a continu¬ 
ous process in which difficulties attending mechanical move¬ 
ments would be avoided; 

That, of the various known techniques, those which lent 
themselves most readily to continuous operation were 
Nos. 2 and 3; 

That in considering this problem the important factors 
were 1) provision of adequate contact surface; 2) suffici¬ 
ently high throughput of gasiform reaction material for 
commercial operation in a plant of reasonable size and de¬ 
sign; 3) temperature control and heat supply; 

That the desired objective was to have an operation in 
which there would be maximum surface of catalyst per unit 
volume, thorough mixing of the catalyst with the reaction 
material, uniform temperature throughout the reaction zone 
and control of the respective residence times of catalyst 
and reaction material in the reaction zone; 

[F/H p. 161] That technique No. 3 satisfied many of these 
requirements but suffered from the following dis¬ 
advantages : 

1) It required the employment of relatively coarse 
catalyst particles of substantially uniform size if a 
velocity of reactants within a practical operating 
range were to be employed; 

- 2) That due to the limitation on permissible velocity 
to avoid removal of solid from the bed the degree of 
vfturbulence obtainable was not adequate to insure 
uniformity of temperature throughout the reaction 
zone; 
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■ 3) That in operation, attrition occurs regardless of the 

initial catalyst particle size, with the result that if 
the catalyst is to be held in the reactor the initial 
velocity has to be decreased continuously giving 
rise to serious control problems; 

That in considering technique No. 2 the principal 
problem was the amount of loading that could be realized 
in the reaction zone and that, in attempting to calculate 
this loading, those working in the field were guided by the 
known physical laws covering the suspension of solids in 
gases, according to which the velocity of the gas in order 
to suspend the solids must be at least as great as the free 
falling velocity of the solids; 

That as a result of these studies they concluded that 
in order to obtain adequate loadings in the reaction zone 
and satisfactory reaction times they would have to utilize 
an elongated tubular reaction zone and load the feed to the 
reaction zone substantially to the degree of loading desired 
in the reaction zone; 

£F/H p. 162J That despite the fact that this type of 
operation presented many operating difSculties, such as 
high friction losses and possibility of serious erosion, the 
operation nevertheless seemed to be the most feasible on 
the basis of the knowledge then available; 

That on the basis of tiieir studies a pilot plant having a 
capacity of 100 barrels per day was constructed and oper¬ 
ated for study of the operating variables; 

That at about the time their studies reached this point 
they became involved in joint discussions with other lead¬ 
ing companies in the oil industry on proposed designs for 
commercial catalytic cracking units and found that these 
other companies, as a result of similar studies, had arrived 
at substantially the same operating plan; 

That joint study of the aforesaid pilot plant was under¬ 
taken wii these other companies, namely Kellogg and In- 
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diana, and much difficulty was encountered with the oper¬ 
ation; 

That in the meantime Dr. Warren K. Lewis had been 
urging the utilization of an enlarged upflow reactor but that 
little interest was shown in this proposal because of the 
conviction that satisfactory catalyst loadings in such a re¬ 
actor coidd not be realized with practical flow rates of 
reaction material; 

That at the time the joint study of the coil type reactor 
was in progress, Dr. Lewis presented data derived from 
studies at M.I.T. demonstrating that reactor loadings could 
be [F/H p. 163] realized in an enlarged reactor, through 
which the reaction material would flow upwardly, far be¬ 
yond anything which had previously been thought possible; 

That in spite of the fact that much money had been 
spent in the study of the coil type reactor and that there was 
a pressing need arising out of war needs for quick com¬ 
mercialization of a catalytic cracking process, the pilot unit 
was completely redesigned and reconstructed so as to per¬ 
form operations in accordance with Dr. Lewis^ suggestion; 

That he has read and understands Application Serial 
No. 544,896 filed in the names of Warren K. Lewis and 
Edwin B. Gilliland; 

That in the first part of the specification, the authors 
discuss the types of contacting operations which had pre¬ 
viously been proposed and point out the difficulties attend¬ 
ing each type, which difficulties were those appreciated in 
the study heretofore discussed; 

That he understands the contribution of Lewis and Gilli¬ 
land to be the discovery that, when finely divided particles 
of solid of mixed sizes are utilized, it is possible within a 
relatively narrow range of upflowing gas velocity to attain 
unexpectedly high loadings in a large reaction zone; 

That what was unexpected was not so much the fact 
that at some velocity of upflowing gas one could secure 
greater loadings in the reaction zone for a given solids feed 
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rate than at another and higher velocity, bnt it was the 
fact that extraordinarily high loadings conld be attained at 
velocities [F/H p. 1643 suflSciently high to impart high 
turbulence to the suspension and sufficiently high to empty 
the reactor of solid in the absence of solid feed thereto; 

That what is imexpected in the results of the Lewis and 
Gilliland procedure is that, according to the data, presented 
in their specification, the loadings in the reaction space for 
a given solid feed rate do not change with velocity in a 
uniform manner, but within the range of velocities.given 
the relationship between loading and gas velocity under¬ 
goes an abrupt and wholly inexplicable change; 

That Lewis and Gilliland point out that when the oper¬ 
ation is conducted with gas velocities within the range 
specified distribution of particle sizes of the solid material 
apparently contributes to the loadings obtained in that the 
coarse particles tend to hold back the fines; 

That Lewis and Gilliland discovered that by operating 
within a certain velocity range of upflowing gas in an en¬ 
larged reactor and simultaneously feeding finely divided 
material to said enlarged zone they could maintain in the 
zone a dense, highly turbulent suspension of finely divided 
solid in which the density of the solid could be manifold 
the loading of solids in the feed and largely independent 
of the solids feed loading; 

£F/H p. 1653 That in this operation the density of the 
suspension in the enlarged zone can be maintained substan¬ 
tially constant over a wide range of ratio of solid feed rate 
to gas feed rate and is, in fact, substantially independent of 
this ratio; 

That for this reason one skilled in the art is not in¬ 
structed how to attain the fluidized bed of Lewis and Gilli¬ 
land merely by being told the ratio of the solid feed rate 
to the gas feed rate since the much more important and 
vital factor is the gas velocity through the enlarged zone; 

That in their specification Lewis and Gilliland lay down 
general operating conditions which should be observed in 
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order to attain the pecnUar solid gas suspension which 
characterizes their operation; they recite the advantages of 
this type of suspension and point out in different passages 
one particular identifying characteristic of this type of 
suspension, which is that there is no segregation of particles 
of different sizes in the suspension; ■ 

That the essence of the Lewis and Gilliland contribu¬ 
tion, however, is revealed in the specific data submitted 
with the specification from which it is apparent to one 
skilled in the art that Lewis and Gilliland have defined a 
physical phenomenon which results from employing gas 
upflowing velocities witMn a certain range for the suspen¬ 
sion of finely divided solids; 

That these data show that within the range of velocities 
recited by Lewis and Gilliland there occurs a sharp break 
in the relationship between loading of solid in the contact¬ 
ing zone and gas velocity through the contacting zone for a 
given solid feed loading entering the zone; 

[F/H p. 1663 That attached hereto is a set of curves 
plotted directly from the curves shown in Figures 1 and 2 
of the drawing accompanying the Lewis and Gilliland 
specification; 

That the curves shown in the attached exhibit are 
labeled A, B, and C, and were prepared as follows: 

Curves A, B, and C show the same relationship for 
different feed loadings by which is meant the pounds of 
solid per cubic foot of gas fed to the contacting zone. For 
the preparation of curve A each point was obtained by 
selecting a gas velocity in the reactor corresponding to one 
of the curves on Figures 1 or 2 of Lewis and Gilliland. This 
velocity was multiplied by 60 to convert the value from 
feet per second to feet per minute, which is equivalent to 
cubic feet per minute per square foot. of reactor cross 
section. Since curve A is based on a feed loading of 2 
pounds per cubic foot this latter number is now multiplied 
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by 2 to obtain the required feed rate in pounds of sojids 
per minute per square foot of reactor cross section. Having 
now established the velocity and corresponding solid feed 
rate required to attain a feed loading of 2 pounds per cubic 
foot, the corresponding ordinate on Lewis and Gilliland’s 
charts can be read to determine the solid concentration 
within the reactor. This procedure results in a single point 
on my atteched curve A. Other points are obtained by 
the same procedure, starting with another velocity corre: 
spending to a different one of Lewis and Gilliland’s curves. 
For example, point (a) was obtained as follows: 

Five feet per second is equivalent to 300 feet per minute 
or 300 cubic feet of gas per minute per square foot of [F/H 
p. 167] reactor area. To attain a feed loading of 2 pounds 
per cubic foot, therefore, requires that the solid feed rate 
be 2 times 300 or 600 pounds per minute per square foot. 
Beading Lewis and Gilliland’s curve for a velocity of 5 
feet per second at a feed rate of 600 pounds per minute per 
square foot shows that the solid concentration in the reactor 
is 5 pounds per cubic foot, it will be apparent that point 
(a) was plotted on my chart at 5 feet per second and 5 
pounds per cubic foot. Other points were obtained 
similarly. 

That a study of these curves reveals that in each one 
of them a sharp break occurs in the relationship between 
reactor loading and gas velocity; 

That it is a fact ti^t the loadings, even in the flat por¬ 
tions of these curves, are considerably higher than would 
have been expected from known physical laws; 

That the real abnormality occurs, however, in the lower 
end of the velocity range where extraordinarily high load¬ 
ings, as much as twenty-fold the feed loading, are obtained 
although the velocity is still sufficiently high to impart 
extreme turbulence in the suspension; 

That these curves demonstrate the existence of a sharp 
break in the velocity range given by Lewis and Gillilianc4 
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this sharp break occnrring at abont 2.3 feet per second in 
the particular example given; 

That it is to be borne in mind that these cnrves apply 
to the apparatus with which the data were obtained and 
that the exact velocity at which the break occurs may vary 
with different apparatus; 

[F/H p. 168] That experience has indicated that this 
break does occur at different velocities with different ap¬ 
paratus but that the break is always within the range of 
velocities given by Lewis and Gilliland, namely, 0.3 to 7.8 
feet per second; 

That in most apparatus the break occurs between about 
0.5 and 3 feet per second; 

That the phenomenon reflected by Lewis and Gilliland’s 
data represents an empirical discovery of the tremendous 
practical importance which has constituted the springboard 
for an entirely new branch of chemical engineering; 

That he has read the comments of the Examiner in his 
communication of February 12,1947 concerning patent No. 
2,259,486 to Carpenter; 

That the Examiner on the basis of values given by 
Carpenter for catalyst to oil ratios has concluded that the 
catalyst will occupy a certain volume in the reaction zone; 

That in making his calculation the Examiner did not 
take into account the fact that Carpenter also feeds steam 
to the reaction zone and that a considerable expansion in 
volume of the gas oil occurs in the reaction zone due to the 
cracking of the gas oil; 

That the figures given by Carpenter are feed ratios of 
catalyst to oil and not ratios of catalyst to vapors in the 
reaction zone; 

That it has been shown by the attached exhibit that for 
a given ratio of solid feed to gas feed the loading of the 
solid in the contacting zone can vary over a wide range, 
depending on the velocity of the gas through the contacting 
zone; 
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[F/H p. 169] That it is likewise true that in calculating 
catalyst to oil volnme ratios in the reactor for Belchetz the 
Examiner did not take into account that Belchetz also feeds 
steam with his reaction material or the expansion in volnme 
in the reactor due to the cracking of the oil vapors; 

That the more important fact, however, is that catalyst 
to oil ratio in the feed does not convey adequate information 
about the nature of the suspension in the reaction zone which 
depends also upon velocity of the gas through the reaction 
zone; 

That it is possible to have catalyst to oil ratios in the 
reaction zone as high as and even higher than 12 to 1 by 
volume without having a fluidized bed; 

Further deponent sayeth not. 

Homes Z. Maetin 

Sworn to and subscribed before me this 16th day of July, 
1947. 

Claea E. Feost 
Notary Public of N. J. 
My commission expires 
Nov. 6, 1949 
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Extracts from Amendment Filed July 17 , 1947 


[F/H p. 171] The following amendments and remarks 
are submitted for purposes of appeal: 

Beplace claim 24 by the following claim; 

33. .In a process for contacting a gasiform material 
and a finely divided solid the improvement which comprises 
passing gasiform material upwardly at a velocity between 
about 0.3 and 7.8 feet per second through a dense body of 
said solids constituting a contacting zone in which said 
solids are present in particles of different sizes, the largest 
of which are not larger than about 10 mesh, which include 
particles between 200 and 400 mesh and the major portion 
of which passes 100 mesh, said gasiform material being 
introduced into said zone through an entrance of more re¬ 
stricted cross sectional area than said contacting zone, con¬ 
tinuously removing gasiform material from the upi)er end 
of said zone, continuously removing solids from the upper 
end of said zone and continuously introducing finely di¬ 
vided solids directly into said zone at a rate sufficient to 
[F/H p. 172] replace solids removed therefrom and main¬ 
tain said dense body as a highly turbulent mixture of finely 
divided solids and gasiform material containing at least 
6.6% by volume of said solids, the minimum velocity of 
gasiform material employed within the range given being 
that sufficient substantially to empty said contacting zone 
of solids in the absence of continuous solids feed to said 
zone. 

Claims 25, 26, 30 and 31, line 1 of each, replace ‘^24” 
by-33- 

Beplace claim 27 by the following claim: 

34. In a process for converting hydrocarbons in the 
presence of a finely divided catalyst the improvement which 
comprises passing said hydrocarbons in vapor phase up- 
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wardly at a velocity between about .3 and 7.8 feet per second 
through a dense body of said finely divided catalyst consti¬ 
tuting a reaction zone, maintained under suitable conditions 
of temperature and pressure to promote cracking, in which 
said finely divided catalyst is present in particles of differ¬ 
ent sizes, the largest of- which are not larger than about 
10 mesh, which include particles between about 200 and 400 
mesh and the major portion of which passes 100 mesh, said 
vapors being introduced into said reaction zone through an 
entrance of more restricted cross sectional area than said 
reaction zone, continuously removing vaporous conversion 
products from the upper end of said reaction zone, con¬ 
tinuously removing finely divided catalyst from the upper 
end of said zone and continuously introducing finely divided 
catalyst directly into said zone at a rate sufficient to replace 
catalyst removed therefrom and [F/H p. 173] maintain 
said dense body as a highly turbulent mixture of finely 
divided catalyst and vapors containing at least 6.6% by 
volume of said catalyst, the minimupi velocity of said vapors 
employed within the range given being that sufficient sub- 
stanti^y to empty said reaction zone in the absence of con¬ 
tinuous catalyst feed to said zone. 


Claims 28, 29 and 32, line 1 of eadi, replace ‘*27’’ by 
-34- 
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[F/H p. 197] Supplementing the amendment dated 
July 16,1947 in the above-identified application the follow¬ 
ing further changes are submitted: 

Page 10, between lines 17 and 18 insert the following: 

—^Por a fuller tmderstanding of the present invention 
reference is made to the following description of the accom¬ 
panying drawings, in which. 

Figures 1 and 2 are families of curves showing the 
relationship between solid concentration in the contacting 
zone at a rate of solid feed to the contacting zone at differ¬ 
ent velocities; 

Figure 3 is a front elevation partly in section of one 
form of apparatus for the practice of the invention; and 

Figure 4 is another family of curves derived from the 
curves shown in Figures 1 and 2 and showing the relation¬ 
ship between solid concentration in the contacting zone and 
gas velocity through said zone — 

[F/H p. 198] Page 11, between lines 10 and 11, insert 
the following: 

—Eeferring to Figure 4, curves A, B and C represent 
the relationship between solid loading in the reactor or 
contacting zone in pounds per cubic foot and gas velocity 
through said zone in feet per second at different solid 
loading of the gas fed to said zone. Curve A, for example, 
indicates this relationship with a feed loading of two 
pounds of solid per cubic foot of gas. Curve B represents 
the same relationship with a feed loading of one pound of 
solid per cubic foot of gas. Curve C represents the same,, 
relationship with a feed loading of 0.5 pounds of solid 
per cubic foot of gas. 

These curves were derived from the curves shown in 
Figures 1 and 2 in the following manner. For preparation 
of curve A, as shown in Figure 4, eadi point indicated 
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thereon was obtained by selecting a gas velocity in the 
reactor corresponding to one of the curves on Figures 1 
and 2. This velocity was multiplied by 60 to convert the 
value from feet per second to feet per minute, whidi is 
equivalent to cubic feet per minute per square foot of 
reactor cross-section. Since curve A is based on a feed 
loading of 2 lbs. of solids per cubic foot of gas, this latter 
number is now multiplied by 2 to obtain the required feed 
rate in pounds of solids per minute per square foot of 
reactor cross-section. Having established the velocity and 
the corresponding solid feed rate required to attain a feed 
loading of two lbs. per cubic foot, the corresponding ordi¬ 
nate on the charts shown in Figures 1 and 2 can be read 
to determine the solid concentration within the reactor at 
these conditions. This procedure results in locating a 
single point on the curve A. [F/H p. 1993 Other points 
are obtained in the same manner, using the other velocities 
shown in Figures 1 and 2. 

For example, point a on curve A was located as follows: 
5 feet per second is equivalent to 300 feet per minute or 
300 cubic feet of gas per square foot of reactor space. To 
attain a feed loading of two pounds per cubic foot would 
require that the solid feed rate be two times 300 or 600 
pounds per minute per square foot Beading the curve on 
Figure 2 for 5 feet per second and a feed rate of 600 pounds 
per square foot, show that the solid concentration in the 
contacting zone was 5 pounds per cubic foot On curve A, 
therefore, point a has an ordinate of 5 and an abscissa of 5. 
Other points in this family of curves were obtained, in the 
same manner. 

It will be observed there is a sharp chknge in the rela¬ 
tionship between solid loading in the contacting zone- and 
gas velocity through the contacting zone at about 2.3 feet 
per second. To the right of this break solid loading in the 
reactor is primarily a function of the solid loading in the 
feed and to the left of this break solid loading in the con- 
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tacting zone is primarily a function of gas velocity throngli 
the contacting zone. In other words, in this region solid 
loading in the contacting zone changes rapidly with the 
velocity and only to a minor degree with solid loading in 
the feed. In this region, however, the gas velocity is suffi¬ 
cient to impart extreme turbulence to particles of the order 
of magnitude hereto specified.— 

Claim 33, line 4, replace “7.8’’ by—about 2.3—; line 12, 
after “solids” insert—^together with gasiform material—. 

[F/H .p. 200] Claim 34, line 4, replace “7.8” by— 
about 2.3—; line 16, after “catalyst” insert—^together with 
vaporous conversion products— 

Cancel claims 25 and 28. 

Bemabks 

The foregoing changes are submitted pursuant to an 
oral interview kindly granted counsel for applicants by 
the Primary Examiner and his assistant whose courtesy is 
hereby acknowledged. 

Submitted herewith is a further sheet of drawings 
showing the curves discussed in Dr. Martin’s affidavit 
included with the amendment of July 16,1947. 

At the interview, the family of curves presented with 
the affidavit of Dr. Homer Z. Martin was discussed. It 
was explained that this family of curves is derived directly 
from curves originally presented in Figures 1 and 2. This 
family of curves shows that at a velocity of 2.3 feet per 
second through the contacting zone there is a sharp break 
in the relationship between solids loading in the contacting 
zone and the gas velocity through the zone. This relation¬ 
ship is different in kind on either side of this break point. 
On the right side, loading in contacting zone is primarily a 
function of solid loading in the feed; on the left side of this 
break, loading is primarily a function of gas velocity 
through the zone. 
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It is interesting to note that the existence of this anom- 
alons region has previously been demonstrated in the prose¬ 
cution of this case in the form of a series of curves showing 
£F/H p. 201] the ratio between actual loading in the con- 
tactmg zone and that predicted from Stokes’ Law. This 
series of curves also show a very strikiiig hump in the 
velocity region to the left of the break point shown in Dr. 
Martin’s curves. 

One of the questions discussed at the aforesaid inter^ 
view was applicants’ right to present the family curves 
attached to Dr. Martin’s affidavit as part of the drawings 
of the present application. The Primary Examiner took 
the position that since they are derived directly from the 
curves originally in the application, their addition to the 
present specification and drawing would not constitute new 
matter. Accordingly, a new sheet of drawing is submitted 
herewith and suitable explanatory material is inserted in 
the specification. It has been noted that the original speci¬ 
fication did not contain the brief description as required 
by the rules and this is also supplied at this time. 

Claims 33 and 34 have been amended to set the upper 
velocity limit at about 2.3 feet per second- The actual 
velocity given in the original specification and drawing was 
2.29 feet per second but it is believed that it would be 
acknowledged that there can be no objection to stating 
this velocity in round numbers. In other words, the ex¬ 
pression “about 2.3 feet per second” is substantially the 
same as “2.29 feet per second”. 

On the Examiner’s suggestion claims 33 and 34 have 
also been amended to specify that solid is removed together 
with gas from the upper end of the contacting zone. In 
this connection, the Examiner expressed the view that in 
applicants’ process all [P/H p. 202] the solid is removed 
from the upper end of the contacting zone entrained in 
the gas. This view is not home out by applicants’ specifi¬ 
cation. Throughout the applicants’ specification it is made 
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evident that the dense suspension fills the cylindrical ves¬ 
sels X and 18 and overflows from the top thereof. For 
example, on page 10 it directly states ** Furthermore, this 
clay powder will be overflowing out of the top of the 
chamber continuously at the rate at which it is fed into it.” 

On page 17, the specification defines the contacting zone 
as follows: *^In the apparatus illustrated, this zone is the 
space bounded by the plate 3, the vertical waUs 1 of the 
reaction vessel and the plane of the top 7 of this vertical 
wall, the overflow space being excluded”. Then on page 
18, the following disclosure is made: Any suitable means 
may be provided for withdrawing catalyst and vapors from 
the reaction zone and for separating the catalyst from the 
vapors withdrawn therewith. For example, in the appa¬ 
ratus illustrated, the reaction vessel 1 is provided with an 
enlarged upper section surrounded by an annular casing 6 
which serves to reduce the upwardly velocity of the vapors 
and to permit separation of catalyst therefrom. The 
catalyst thus overflows at 7 m the annular space 8 and 
collects in the hopper 9 while the cracked vapors, largely 
free of catalyst are drawn off through line 10”. 

These disclosures make it clear that the bulk of the 
catalyst separates from the vapors at the top of the con¬ 
tacting zone or in other words in the plane defining the 
upper end of the vertical wall of vessel 1. The bulk of the 
catalyst is not carried off from the contacting zone by 
entrainment in the vapor [F/H p. 203] but by overflowing 
out of the contacting zone into the hopper 9. Thus, a claim 
which required removal of all the solids from the contacting 
zone by entrainment in the gas leaving the contacting zone 
would be contrary to applicants’ disclosure. 

The claims now remaining in this application are all 
limited to the narrow range of velocity shown to be unique 
in attaining the extraordinarily high concentration of solids 
in the contacting zone as compared with the concentration 
of the solids in the entering gas. It is reiterated that within 
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this range of velocity the relationship between the con¬ 
centration of solid in the contacting zone and the concen¬ 
tration of solid in the feed is different from what it is at 
higher velocities. This difference in relationship is clearly 
a difference in kind since at higher velocities the loading 
of the contacting zone is primarily a function of loading in 
the feed whereas in the specified range the loading in the 
contacting zone is prumudly a function of gas velocity 
through the zone. It is emphasized that there is no sug¬ 
gestion in the prior art of the existence of this particular 
phenomenon. It is extremely important to remember that 
the very great industrial value of this discovery lies in the 
fortuitous fact that these extraordinary loadings are found 
to occur at velocities which impart an extreme turbulence 
to the solid suspension and are of sufficient magnitude to 
provide satisfactory throughput in commercial operations. 

[F/H p. 204] The prior art has been exhaustively dis¬ 
cussed during previous prosecution. Without discussing 
each reference individually, it is sufficient to point out that 
no prior art patent gives any hint of the applicants’ inven¬ 
tion or discovery. Prior art patents which mention the 
size of particles suspended make-no mention of velodty. 
Patents which mention gas velocity either do not indicate 
the size of the solid particles or they clearly indicate that 
the solids employed are of relatively large size. (Odell and 
Winkler). Other prior art patents mention catalyst-to-oil 
ratio without giving any infoimation as to particle sizes 
or particle size distribution or gas velocity through the 
reactor (Beldietz and Carpenter). Another prior art pat¬ 
ent (Degnen) mentions the particle size but the only specific 
velocities through the reactor given are many fold greater 
than the velocities specified in applicants’ claims. 

It may be repeated that the prior art shows at best that 
the finely divided solids may be suspended in a gas or that 
if the particle size is maintained large enough and the gas 
velocity low enough, the divided maten^ can be maintained 
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in the form of more or less permanent beds in vibrant 
motion. Applicants did not discover that finely divided 
solids may be suspended in a gas nor did they discover 
that the lower the gas velocity the greater the tendency for 
the particles to slip downwardly (Hnppke and Mnller). 
What they discovered was that by employing mixed particle 
sizes of the general magnitade specified, one conld obtain 
imnsnally high loadings in the contacting zone [F/H p. 
2053 while employing velocities high enongh to impart 
extreme tnrbnlence to the snsx)ension, and fai: higher than 
the predictable free falling velocity of the individnal par¬ 
ticles, while at the same time maintaining the rate of solid 
feed to the contacting zone at a low level It is this ability 
to nse velocities of a magnitade snch as to impart extreme 
tnrbxilence and to provide a practical thronghpnt of gasi¬ 
form material while holding the solid feed rate to the 
contacting zone low which makes applicants’ discovery so 
important industrially. 

The Examiner thus far has been relying on the doctrine 
of inherency in applying references to the applicants’ 
claims. It is well to bear in mind the strict limitations of 
the doctrine of inherency. In order for a reference to be 
applied under this doctrine it must be evident that the 
reference can be operated in no other way except that 
claimed by applicants. For example, the Examiner points 
to prior art patents which speak of a dense suspension in 
a gas stream and asserts that it must have been attained by 
the same procedure claimed by applicants. It must be 
remembered that a dense suspension can be obtained m a 
contacting zone by maintaining sufficiently high solids feed 
rate to the contacting zone without in any way utilizing 
the phenomenon discovered by the present applicants. 

One of the earliest statements of the doctrine of inher¬ 
ency was in Carnegie Steel Co. v. Cambria Iron Co. (185 
XT. S. 403) in which the Supreme Court dealt with the ques¬ 
tion of whether or not a prior art patent showing a certain 
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apparatus [F/H p. 206] anticipated*-process cImul The 
Supreme Court held that it is not sujEcnent for the refer¬ 
ence to show mechanism by which the process might bave 
been performed. This same doctrine announced by the 
Supreme Court in ihe above case was applied by the Circuit 
Court of Appeals in Catalin Corporation of America v. 
Gatalazuli Mfg. Co., Inc., 27 TJSPQ 371. In this case a 
prior art patent disclosed a range of acid strength which 
included the range specified in the patent in suit. In answer 
to the argument-that anyone operating according to the 
prior art may use the concentration specified in the claims 
in the patent in suit, the Court held: 

*■ * that the plaintifi need not disprove it, for an antici¬ 
pation must speak affirmatively and with certainty; 
must disclose the invention without debate; it is not 
enough that the proper proportion of that add might 
empirically be hit upon. 

Language of similar import is found in EEansgirg v. 
Keinmer, 26 C. C. P. A. .937, in which the Court dealt with 
the right of an applicant to make a claim on the ground 
that it was inherent in his disclosure. The Court of Cus¬ 
toms and Patent Appeals ruled: 

** Inherency, however, may not be established by 
probabilities or possibilities. The mere fact that a 
certain thing may result from a given set of drcum- 
stances is not suffident See Parker v. Ballantine, 
26 C. C. P. A. (Patents) 799,101P. (2d) 220 (Patent 
Appeal No. 4026, dedded January 23, 1939); In re 
Ball, 23 C. C. P. A. (Patents) 830, 81 F. (2d) 242; 

' Brand v, Thomas, 25 C. C. P. A. (Patents) 1(^ 96 
F. (2d) 301.** . ' 

[F/H p, 207] The only question presented here is 
whether or not there is any suggestion in the prior art qf 
the existence of the phenonemon whidi occurs under the 
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conditions recited in applicants* claims and which was dis¬ 
covered by the present applicants. All of the prior art 
references have been carefully analyzed in thia record and 
an inescapable conclnsion of this analysis is that the fore¬ 
going question must be answered in tlie negative. At the 
very least, it mnst be admitted by the Examiner that there 
is a strong doubt as to the adequacy of any reference or 
any combination of references as an anticipation of ap¬ 
plicants’ claims. In view of the tremendous oommercial 
success of applicants’ invention, this doubt should be re¬ 
solved in applicants’ favor. 

At the interview the Examiner called attention to patent 
1,798,857 to Tyler and suggested that this reference should 
receive consideration in any discussion of the patentability 
of applicants’ claims. A study of thia reference reveals 
that it is pertinent to applicants’ claims only in so far as it 
deals with a fluidized finely divided solid and gives a rather 
detailed discussion of what the patentee means by fluid¬ 
ized”. At the outset it is noted that the patentee makes no 
disclosure at all of the particular size of solid with which 
he dealt, or of the particle size distribution of the solid, or 
of any particular gas velocities. In this respect, therefore, 
this patent is like so many other prior art references. One 
of the difficulties presented by the present case is the loose 
manner in which the CP/H p. 2083 word “fluidized” has 
been used in the art Any suspension of divided material 
in gas which will flow has been termed “fluidized”. Per¬ 
haps this is the most apt term to define a solid whidi has 
been conditioned so that it will flow. It must be recognized, 
however, that it is a very generic term and embraces a wide 
variety of physical states. For example, OdeU character¬ 
izes the relatively large size solids in his jiggling bed of a 
more or less permanent character as “fluidized”. On the. 
other hand, in standpipe operations '^ere the finely divided 
material is merely aerated at a gas velocity of a few hun¬ 
dredths of a foot per second, and there is substantially no 
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tarbulence, the snspension is oommonly referred to as being 
fluidized. In short, this term has been applied to any 
finely divided material which moves under the inflnex^ of 
agas. 

It is true that applicants have always referred to their 
snspension as fluidized solid. It is noteworthy, however, 
that applicants never attempted to predicate patentability 
merely on this characterization of their snspension because 
it was recognized that this expression itself conveys no 
particular meaning. Applicants have always attempted to 
express a relationship between gas velocity and finely di¬ 
vided solids, including a relationship between loading in the 
contacting zone and soUds feed to said zone: In their pres¬ 
ent claims applicants express a particular relationship be¬ 
tween solid particle size, particle size distribution and gas 
velocity which leads to the unique results which theyi claim 
to flow from their discovery. It has CP/H p. 209J been 
applicants’ persistent contention that a prior art irefer>^ 
ence, in order to be pertinent, must reveal some knowledge 
of the existence of the phenomenon discovered by appli¬ 
cants by making a disclosure of the conditions neces^ry to 
its attainment. The Tyler patent is no more adequate in 
this respei^ than many other references of record. 

Beferring to Tyler’s Pig. 1, it wiU be seen that the solids 
are forced through the horizontal treating zone primarily 
by prophMoh induced by the screw feeder, air being ad¬ 
mitted in sufficient quantities to keep the solid materi^ 
flowing. It may be reasonably assumed that Ibe s^d suction 
is relied upon in the embodiment shown in f^g; 2^ It is 
true that the patentee states that the gas not only fluidizes 
the solid but helps to propel it. The patentee gives no in¬ 
formation as to the quantities in which the gas is to be 
supplied in order to perform this dual function. In con¬ 
nection with Pig. 2 it may be noted that the gas enters the 
contacting zone throng an opening which is at least as 
great in cross sectional area as the contacting zone itself. 
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On the basis of the importance which the patentee attributes 
to the function of the screw feeder,it is applicants’ convic¬ 
tion that the patentee is concerned with simple aeration of 
the solids. The description which he gives for fluidization 
is perfectly applicable to ordinary aeration. It is believed 
that many instances of this type of operation can be found 
in the art of transporting grain, coal dust, and other finely 
divided materials. In some of these arts the gas performs 
the [F/H p. 210] dual function of aeration and conveying 
while in others, as typified by the Tyler patent, the gas 
performs primarily the function of aeration with conveying 
being effected by mechanical means. 

At the aforesaid interview it was understood that the 
amendment dated July 16, 1947 would be entered for pur¬ 
poses of appeal It is felt that the present amendment 
places this application in condition for allowance and such 
action is solicited. Should the Examiner fail to agree with 
this, he is requested to enter this amendment for purposes 
of appeal Applicants hereby vraive the right to request 
the re-opening of the prosecution of this application in the 
event that the Examiner cites additional art necessitated 
by the entry of this amendment for purposes of appeal 

Bespectfnlly submitted, 

P. J. Whelan 

Attorney for Appticants 

New York, N. Y. . • 

Sep.18,1947 . 
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EF/H p. 214] Applicant appeal from the examiner’s 
holding that claims 26 and 29 to 34 are nniMitentahle over 
^e prior a^ These, the only claims in the icase^ read as 
follows: 

**Claim 33.' .In a process for contacting a gasi¬ 
form material and a finely divided solid the improve- - 
ment which comprises passing gadform material 
upwardly at a velocity between about 0^ and about 
2^ feet per second through a dense body of said 
solids conslitiltmg a contacting zone in which smd 
. solids are present in particles of difi^erent sizes, the 
largest of which are not larger than about 10 mesh, 

■ > which include partides between 200 and 400 mesh 
and the major portion of which passes 100 mesh, said 
gasiform material being introduced into said zone 
throng an entrance of more restricted cross sec¬ 
tional area than said contacting zone, continuously 
removing gasiform material from the upper jend of 
said zone, continuously removing soHds . tegether 
with gasiform material from the upper end of said 
zone and oontiauously introducing ^ finely divided 
solids directly into said zone at a rate, sufficient to 
replace solids removed therefrom and maintain said 
dense body as a highly turbulent mixture of finely 
divided solids and gasiform material contauun^ at 
least 6.6% by volume of said solids, the Tni-niTnTiTn 
velocity of gas^orm material employed .witbia the 
range given being that sufficient substantially to 
empty said contacting zone of solids in the ab^hce 
of continuous solids feed to said zone. 

." Claim 34. In a process for converting hydro¬ 
carbons in the presence of a finely divided catalyst 
the improvement which comprises passing said hy¬ 
drocarbons in 'vapor phase upwardly at a velocity 
between about .3 and about 2.3 feet per iaecond 
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throngh a dense body of said finely divided catalyst 
constituting a reaction zone, maintained mxder suit¬ 
able conditions of temperature and pressure to pro¬ 
mote cracking, in which said finely divided catalyst is 
present in particles of different sizes, the largest of 
which are not larger than about 10 mesh, CP/H p. 215] 
which include particles between about 200 and 400 
mesh and the major portion of which passes 100 mesh, 
said vapors being introduced into said reaction zone 
through an entrance of more restricted cross sectional 
area than said reaction zone, continuously removing 
vaporous conversion products from the upper end of 
said reaction zone, continuously removing finely 
divided catalyst together with vaporous conversion 
products from the upper end of said zone and continu¬ 
ously introducing finely divided catalyst directly into 
said zone at a rate sufficient to replace catalyst re¬ 
moved therefrom and maintain said dense body as a 
highly turbulent mixture of finely divided catalyst 
and vapors containing at least 6.6% by volume of said 
catalyst, the minimum, velocity of said vapors em¬ 
ployed within the range given being that sufficient 
substantially to empty said reaction zone in the 
absence of continuous catalyst feed to said zone. 

Claim 26. Process according to claim 33 in which 
the fimely divided solid is present in the form of 
particles of various sizes, the largest of whi<di are 
not larger than about 100 mesh. 

Claim 29. Method according to claim 34 in which 
the finely divided catalyst is present in the reaction 
zone in the form of particles of various sizes, the 
largest of which is not larger than about 100 mesh. 

Claim 30. A method according to claim 33 in 
which the solid is a catalyst for the conversion of 
the gasiform material ' 
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Claim 31. A method according to claim 33 in 
which the amonnt of finely divided solid maintained 
in the contacting zone is not in excess of abont 15% 
by volnme. 

Claim 32. A method according to claim 34 in 
which the amonnt of finely divided solid maintained 
in the contacting zone is not in excess of abont 15% 
by volnme. 

The references relied npon are as follows: 


Tyler . 

1,798,857 

Mar. 3i; 1931 

Mnller et aL ... 

1,810,055 

Jnne 16, 1931 

TVinMer . 

1,913,968 

Jnne 13; 1933 

OdeU . 

1,984,380 

Dec. 18^ 1934 

Winkler etaL .. 

2,111,579 

Mar. 22; 1938 

Hnppke . 

2,231,424 

Feb. 11,1941 


(B^ Ang. 9,1937) 

Carpenter . 

2,259,486 

Oct 21, 1941 


(B^ Sept 13,1939) 

Degnen . 

2,305,569 

Dee. 19, 1942 


(B^edApr.15,1938) 

Metallgesellschaft 



(British) .... 

285,038 

May 9, 1929 


The present application is a division of applicants’ 
prior application. Serial No. 312,200, filed Jannary 3, 1940. 
[F/H p. 216] This prior application was finally reje^ked as 
nnpatentable over the prior art, and on appeal this holding 
was afSrmed by the Board of Appeals. Applicants there- 
npon appealed to the U. S. Conrt of Cnstoms and jPatent 
Appeals, bnt this appeal was dismissed npon applicants’ 
motion. 

The claims, certain amendments to the disdosni^ and 
the Martin affidavit nnder Bnle 76 were snbmitted after 
final rejection and have been entered with the nnderstand- 
ing that applicants waive the ri^t to reopen the prosecn- 
tion of thia case. 
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AppuoAirrs* Bisclosttbe ' 

This case relates to a process of contacting j^seons 
fluids with finely divided solids, for example, the conversion 
of hydrocarbon vapors by contacting theni with* finely 
divided catalyst particles. 

Applicants point ont that it is old to contact gaseous 
materials with finely divided solids under such conditions 
that the solids partake of some kind of motion.- Such 
motion, they state, may be that due to low velocity gas 
flow whereby the particles assume a high degree of mobility 
and resemble a boiling liquid. Or the gas velocity may be 
so hi^ as to carry the particles in suspension rapidly 
throng the reaction zone. Both of these methods a^e said 
to have certain advantages and disadvantages which are 
set forth at pages 1 to 6 of the specification. 

Applicants propose to attain the advantages of both 
the above methods and at the same time greatly reduce 
the disadvantages. They propose to ** operate at a gas 
velocity sufScient to blow all or substantially all of the 
solid material out of the reactor in a relatively short time, 
[F/H p. 2173 provided.no fresh solid material be introduced 
during this time, but will feed into the reactor simultane¬ 
ously solid material at a sufficiently high rate” to **maintain 
in the reactor a high concentration of solid granules ap¬ 
proaching that of the ‘liquid state’ described above, and be 
blowing the solid particles out of the top of the reactor at a 
corresponding rate. In other words, operating conditions 
should be used in which solid concentrations approach those 
of a mobile ‘liquid’ mass condition, but gas velocities are 
sufficient to carry all solid particles overhead in the gas 
stream. This is secured by using an adequately hi^ ratio 
of rate of feed of solid particles to rate of feed of gas or 
vapor to the reactor” (page 6, last two lines, and page 7, 
first 14 lines). 

Applicants describe a series of experiments beginning 
at the bottom of page 9 wherein air is blown up through a 
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(^lindzical chamber, pulverized acid-activated day being 
snppHed to the bottom of the chamber. **This day powder 
contained partides of widdy varying size, the finest being 
very small (below 5 microns), and also some very coarse 
partides” (page 9, last 3 lines). GQie resifits of these 
experunenta are shown by the corves in P^gores 1 and 2. 
The corves indicate, for example, that to obtain a density 
in the chamber of 10 lbs. per co. ft. at a gas velocity of 
L48 ft. per sec., the clay most be fed into the chamber at 
the rate of aboot 50 lbs. per min, per sqoare foot of cross- 
sectiond area. The same density may be obtain^ at 
higher velodties by increasing the day feed rate. Thos, 
for a gas velodty of 2.29 ft. per second &e day feed rate 
shoold be nearly 800 lbs. per min. per sq. ft., and for a 
velodty of 7-8 ft per sec. [F/H p. 2181 ^ rate of 

neajrly 3800 lbs. per nun. per sq. ft is reqoired (see Fig- 
ore 2). 

A][^cants point oot that the process may be osed for 
cracking petroleum oils in the presence of catalytic solids. 
The catal^t shoold be in powdered or pulverized state, 
the coarsest particles preferably pasdng through a screen 
of aboot 10 to 100 mesh. More findy ground powders are 
preferred, the major portion of whidi passes through a 
screen of 209 or 400 mesh or even finer” (page 13, last 7 
lines). Beginning at the bott<xn of page 16, applicants addr 
“While catalyst partides as large as 10 mesh or larger may 
be used, much smaller dzes are preferred and the catalyst 
is preferably ground to a fine powder having aparticte-size 
of 200 to 400 standard mesh or even finer”. In Figure 3 
applicants show a system wherein an oil is catalyticahy 
cracked in vessd 1, the spent catalytic partides leaving the 
top of reactor 1 being transferred to a reg^erator 18. In 
the regenerator an upfiowing oxygen-containing gas burns 
the carbonaceous deposit formed during the cracking (^ra¬ 
tion from the surface of the catalyst The regendraied 
catalyst is then returned to the reactor 1 for further xise 
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in the process. Since the entire system is not being claimed 
here, it is believed unnecessary to describe it in detail It is 
stated, however, that in the reaction and regeneration zones 
the catalyst concentration should be at least 3% by volume 
(page 9, lines 8 to 14; page 14, lines 17 to 23, page 17, lines 
11 to 14; page 21, lines 8 and 9), and may be “as high as 
10% to 15% by volume and even somewhat higher(p&g6 9, 
first complete jwragraph). 

The Bepebences 

The Muller et al 1,810,055 patent relates to the [F/H p. 
219] contacting of finely divided substances with gases, for 
example, “performing catalytic processes’’ (page lines 1 
to 27). The reference points out that it was old to suspend 
the finely divided particles in the gas and pass them rapidly 
through the contacting zone, and that the particles were 
therefore removed before their activity had been fully util¬ 
ized (page 1, lines 28 to 44). It is the patentees’ object to 
overcome this disadvantage by bringing the particles and 
gas together “in such a way that these particles are retained 
in suspension, their transportation is prevented and a maxi¬ 
mum duration of the reaction period is assured. To this end 
the gas is preferably caused to ascend through the dust 
(which for example is distributed in a cylinder) until the 
reactive capacity of the material has been exhausted” (page 
1, lines 61 to 70). The spent particles may be removed inter¬ 
mittently by increasing the gas velocity to slowly displace the 
particles upwardly while, at the same time, admitting fresh 
material (page 1, lines 70 to 74). However, “Instead of 
this intermittent system of working, the oi)eration can also 
be carried on in such a way that the ascending movement 
of the dust or fog zone and the corresponding replacement 
by fresh material proceeds in a steady and gradual manner, 
the rate of charging the distributing member (for example 
a rotating disc) being adjusted accordingly” (page 1, 
lines 81 to 89). The contacting towers may be ^red so 
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that the cross-sectional area increases npwardly and the 
gas velocity decreases. Snch conical tower permits the nse 
of particles wMch are not nniform in size (page 2, lines 1 
to 13). ' 

The British 285,038 patent is the foreign eqnivalent of 
the Mnller et al patent, and is cited because it illustrates an 
apparatus that may be used for carrying out the process. 
However, [F/H p. 220] it does not contain the description 
of a continuous operation like that set forth at page 1, lines 
81 to 89, of the Muller et al 1,810,055 patent. 

The Tyler patent No. 1,798,857 relates to a process for 
calcining gypsum by contact with hot gas. The “gypsum 
rock is first crushed and ground, as for the kettle process, 
either to its ultimate fineness or to somewhat coarser par¬ 
ticles’’ (page 2, lines 55 to 58). “After the gypsum is 
initially ground to what may be called fine size—fine enough 
that it may be fluidized and mobilized by a stream of gas 
through a heating and calcining diamber” (page 2, lines 
59 to 63), it is delivered to said diamber together with a 
gas. The chamber may be horizontally disposed as shown 
at 15 in Figure 1 of tiie drawings, or it may be inclined 
upwardly (page 2, lines 96 to 104), or it may be vertical 
as shown in Figure 2 of the drawings. The modification 
of Figure 2 is the one relevant here. As there shown, the 
finely ground gypsum from hopper 10 and steam (or air) 
from line 13 are introduced into the bottom of heated cal¬ 
cining chambers 15c. 

“As the gypsum and gas are fed into the head 
end of the calcining chamber, the first action of the 
gas is to fluidize the gypsum—^to form a fluid mixture 
with the gypsum. This it does by forming very 
much the same type of mixture that is formed by 
sand and water when the two form a fluid, freely 
flowing mixture. Suspension of the solid particles 
in the fluid is not necessarily a part of sudi fluidizing 
action; the finely divided solid may be fluidized-^the 
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mixture made free flowing—^by use of a much smaller 
proportion of flnid-gas, in this case—than is neces¬ 
sary if the solid is to be carried or blown along in 
snspensiom 

‘ * Thus the first action of the gas in my process is to 
flnidize the gypsnm, to form witii it a fluid, free flow¬ 
ing, mixture; and that is what I mean by the term 
‘fluidize’ as used in this description and the following 
claims. The gas, however, has a farther function of 
actually causing movement, or contributing to the 
movement of the fluidized mixture.” (page 3, lines 
15 to 38). 

The gas and solids leave the top of the calcining cham¬ 
bers 15c and pass into separator 16 wherein the gas is 
CP/H p. 221] separated from the solids. 

The Winkler 1,913,968 patent describes the manufacture 
of fuel gas by contacting gases with a layer of fine-grained 
solid fuel, such as coaL Coal from a hopper H is introduced 
at the bottom of a chamber S. A gas, such as air, is passed 
through pipe E into the bottom of said chamber. The gas 
is blown in “in such a manner that the fine-grained ignited 
material continuously eddies up and down and presents the 
appearance of a boiling liquid” (page 1, lines 9 to 14 and 
lines 35 to 45). The particles of coal may be “about nut 
size, which may also contain dust” (page 1, lines 27-28). 
More dust and also fine ash are formed during the reaction 
(page 2, lines 10 to 13 and 32). Solids and gases are re¬ 
moved from the of the chamber through conduit B. In 
the example given at lines 19 to 26 of page 2, 20,000 cubic 
meters x>er hour of gas are admitted to the bottom of a 
chamber having a sectional area of 25 square meters. This 
may be calculated to give a gas velocity, of about 0.73 feet 
per second. 

The Odell 1,984,380 patent describes the carrying out 
of chemical reactions by contacting gaseous fluids with 
solids. The reaction may be one of cracking hydrocarbon 
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vapors in the presence of solid catalysts (page 3, column 2). 
As shown in Figure 2 of the drawings, the vapors or gases 
are introduced into the bottom of reactor 1 through con¬ 
duit 3. Solids may be introduced into the bottom (page 4, 
column 1, lines 41 to 49), and recycled solids are so intro¬ 
duced through valved conduit 8. Solids are withdrawn 
from the top of the fluidized bed of solids through valved 
conduit 8A and gases through conduit 13. 

Odell points out that the solids are fluidized by suspen¬ 
sion in the upflowing gaseous stream (page 1, column 1, 
£F/H p. 222] lines 5 and 6), and during such fluidization the 
particles are in constant turbulent motion and assume the 
properties of a boiling liquid (page 1, column 2, lines 2 to 7; 
page 5, column 2, lines 30 to 44). The density of the fluidized 
mass is much greater than that of a suspension wherein the 
particles are entrained in the gaseous medium (page 5, col¬ 
umn 2, lines 44 to 54). The “average size” of the solids 
should be small, preferably less than % inch, the % inch 
“average diameter” being satisfactory (page 3, column 2, 
lines 53 to 56). Preferably, the particles are uniformly sized 
although dust is formed and caught in dust catcher 14. At 
page 5, column 2, lines 3 to 8, Odell suggests the use of 50 
cubic feet of gas per minute per square foot of sectional 
area. This corresponds to a gas velocity of 0.83 feet per 
second. 

The Winkler et al 2,111,579 patent relates to the manu¬ 
facture of fuel gas by treating finely divided solid fuels 
(coal or coke) with gases. Referring to Figure 1, finely 
^vided fuel frcnn hopper 9 is introduced into chamber 1 
and treated with gases introduced at the bottom throu^ 
grate 3 and through nozzles 7. The particle size of the 
solid fuel “preferably ranges between that of dust.par¬ 
ticles and 10 millimeters” (page 1, column 1, lines 52 to 
54). In one example the solids are coke “grains from dust 
particles size to 5 millimeters in diameter” (page.2, colunm 
2, lines 2 to 7). The gases set up in the bed of solids a 
vigorous, whirling motion up and down so that it resembles 
a boiling liquid (page 1, column 1, line 7; page 2, column 1, 
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lines 10-11; page 2, colnnm 2, lines 14-15 and 34-40). From 
the data given in Example 1 of the patent, the gas velocity 
through the reaction zone may be calculated to be abont 
0.5 feet per second. Similarly, in Example 2 the [F/H p. 
223] gas velocity is about 0.6 feet per second. (The method 
of calculation is set forth in the OflSce action of February 12, 
1947, Paper No. 14). 

The Carpenter 2,259,486 patent flows a powdered cata¬ 
lyst suspended in oil vapors upwardly in a reactor tube. 
Thus, as shown in the drawing, gas oil vapors from line 13 
and powdered catalyst from line 14 are passed upwardly 
through reactor 15 wherein cracking occurs. The tempera¬ 
ture is preferably 850° to 950°F. and the pressure about 
atmospheric to 50 lbs. per sq. inch for example about 25 
lbs. per sq. inch. The powdered catalyst may be injected 
into the hot vapors by means of steam “or by any other 
conventional injection system being metered by a pump or 
the equivalent^* (page 2, column 1, lines 3 to 13). The 
ratio of catalyst to liquid oil fed to the reactor may vary 
from 0.5 to 15 volumes of catalyst per volume of liquid oil 
(page 2, column 1, lines 20 to 29). The velocity of the 
vapors is sufficient to carry the catalyst in the vapor stream 
through the reactor (page 2, column 1, lines 29 to 31). 

Using a temperature of 900°F. and a pressure of 25 lbs. 
per square inch absolute, it may readily be calculated that 
1 cubic foot of liquid gas oil will produce about 105 cubic 
feet of gas oil vapors (assuming that no change in vapor 
volume occurs due to cracking and other reactions). Since 
15 cubic feet of catalyst may be associated with this much 
vapor, the total volume will be about 120 cubic feet, and 
' the solids concentration may be calculated to be about 12.5% 
by volume. If the pressure be about 40 lbs. per sq. inch 
absolute (25 lbs. per sq. in. gauge), the solids concentration 
would be about 18.6% by volume. 

The Huppke patent cracks oil by contact with finely 
. [F/H p. 224] powdered catalyst. As shown in the drawing, 
oil ,vapors from heater 12 and catalyst from nozzle 15 are 
.passed upwardly m reactor 18, the cracked mixture belog 
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withdrawn at the top into separation zone 20. The snspen- 
sion is passed npwardly in the reactor “at a velocity suffi¬ 
cient to keep the catalyst in turbulence and in suspension in 
the gases or vapors being treated^’ (page 1, column 1, lines 
27 to 33). The “rate of gas flow might be such that there 
is a tendency of the catalyst to settle substantially .with 
respect to the moving gas so that there is a relatively long 
period of treatment” (page 1, colmnn 2, lines 20 to 23). 
The catalyst i)owder should be very fine, preferably of less 
magnitude than the mean free path of the “activated” 
molecules of gas at reaction temperature (page 2, column 1, 
lines 47 to 50). In a specific example, Huppke mentions 
the use of particles aU of which pass through a 300 mesh 
screen (page 2, column 2, lines 28 to 31). 

The Degnen 2,305,569 patent relates to the catalytic 
cracking of hydrocarbon oil in the presence of powdered 
catalyst. Beferring to Figure 2, oil vapors from line 67 
and powdered catalyst from hopper 69 are introduced into 
enlarged reactor 71 near the bottom thereof through “the 
transfer pipe 70 terminating in a nozzle or aspirating ar¬ 
rangement whereby the catalyst-vapor mixture is main¬ 
tained in the reactor in the form of a cloud, mist or fog 
during the reaction period” (page 2, column 1, lines 67 to 
74). The nozzle.arrangement may be such “as to direct 
the suspension or cloud of vapor-catalyst mixture so that 
it is uniformly distributed throughout the catalyst cham¬ 
ber ^^ (page 2, column 2, lines 5 to 12). The catalyst particle 
size “may range anywhere from 20 to 200 mesh” (page 3, 
column 1, lines 53 to 55). 

[F/H p. 2253 The Rejections 

Claim 33 is rejected as unpatentable over each of the 
references cited above. This claim calls for the contact¬ 
ing of any gaseous material with solids of any composition. 
In this respect, therefore, the claim reads on the various 
contacting processes of Muller et al, the gypsum caldnation 
of Tyler, the gas making processes of Winkler, Wiukler 
• et al or Odell, and the hydrocarbon conversions of Odell, 
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Huppke, Carpenter and Degnen. The elaim also recites 
that the gasiform material passes upwardly through the 
contacting zone; this is obviously present in each of the 
references. It is further apparent that the gas inlet in 
each of the references is of more restricted cross-sectional 
area than the contacting zone as required by the claim. It 
will be noted that the contacting ^‘zone” of the claim is 
defined as being the dense body of solids and is not neces¬ 
sarily the chamber containing it. In the Muller et al, 
Tyler, Huppke, Carpenter and Degnen patents the dense 
body of solids may occupy the entire reaction chamber, 
whereas in the Odell, Winkler and Winkler et al patents 
the dense body of solids occupies only a portion of the 
reaction chamber. In aU of the references, however, it 
will be noted that both the gas and the solids are continu¬ 
ously removed from the upper end of said ^‘zone^* as 
recited in the claim. It is also obvious that in each of the 
prior art patents, solids are continuously introduced into 
the contacting zone at a rate sufficient to replace solids 
removed therefrom. 

Applicants’ chief reliance to distinguish over the 
references is placed on the specifically recited gas velocity 
and solid particle size, or the correlation thereof. Thus, the 
gas velocity is specified as ‘‘between about 0.3 and about 2.3 
[F/H p. 2263 per second”, and the particles are stated 
to be of mixed sizes, the largest being smaller than 10 mesh, 
the major portion passmg through 100 mesh and includ¬ 
ing particles between 200 and 400 mesh. These limitations 
are considered to be neither critically necessary for -obtain- 
ing applicants’ results nor critical with respect to the 
prior art. Applicants’ own disclosure clearly points out 
that the desired results may be obtained at velocities con¬ 
siderably above 2.3 feet, per second. ^ Thus, as stated at 
the top of page 11, of the specification and as clearly shown 
•in Figure 2 of the drawing, velocities as hi^ as 5.0 and 
7.8 feet per second will produce the desired densities and 
turbulence. It is apparent from the tenor of the disclosure 
that even hi ghe r velocities may be used if the solids feed 
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rate be ^so increased. With respect to particle size, also, 
it is difficult to believe that the specific size distribution 
of the claim is critically necessary. In fact, at the bottom 
of page 16 of the specification it is stated that the particles 
may be larger than 10 mesh; and at the top of page 17, 
particles finer than 400 mesh are described. It is believed, 
therefore, that applicants’ original disclosure in this case 
negatives anything critical in the claimed gas velocity 
and particle size. 

The specific gas velocity and particle size are also not 
considered to differentiate critically over the prior art. 
In order to be critical, applicants must show that their 
results differ in kind, not merely in degree, over the re¬ 
sults attained in the prior art. This burden has not been 
sustained by applicants. No distinction can be found be¬ 
tween applicants’ operation and those of the references. 
It is apparent that the references correlate the gas velocity 
and particle size, regardless of their specific magnitudes, 
to produce the dense turbulent [F/H p. 227J body of solids 
obtained by applicants. The phenomenon relied upon by 
applicants is considered to be clearly taught in the prior 
art. Even if it could be shown that there are differences, 
it is difficult to see wherein such differences are anything 
more than matters of degree. 

Furthermore, the velocities used by applicants are of 
the order of magnitude suggested by the references. In the 
Winkler et al 2,111,579 patent, velocities of about 0.5 and 0.6 
feet per second are used. In WinMer 1,913,968, a velocity 
of about 0.73 feet per second may be calculated. In the 
Odell patent, a velocity of about 0.83 feet per second is 
contemplated. 

Similarly, the claimed particle sizes are closely similar 
to those of the prior art. Muller et al uses ^'finely sub¬ 
divided particles” (page 1, line 57) or ‘‘dust” (page 1, 
line 84), and the particles need not be of uniform size 
(page 2, lines 9 to 13). Winkler et al' 2,111,579 refer to 
mixed particle sizes ranging from dust particle size to 5 nrim. 
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(about 4 mesh). Winkler 1,913,968 refers to nut-sized par¬ 
ticles mixed with dust. Odell’s particles may be or 
or larger or smaller average size (page 2, column 2, lines 
5-6). While Odell prefers uniformly sized particles, it is 
evident that this is not realized since he refers to ‘‘average” 
sizes (page 2, column 2, line 6; page 3, column 2, lines 53 
to 55), and a dust collector 14 is used. Huppke may use 
particles passing through 300 mesh (page 2, colunm 2, lines 
28 to 30). Degnen describes 20 to 200 mesh materiak Tyler 
states that the “crude gypsum rock is first crushed and 
ground, as for the kettle process, either to its ultimate fine¬ 
ness or somewhat coarser particles” (page 2, lines 55 to 
58). Perry’s Chemical Engineers* Handbook (McGraw-Hill 
Book Co., New York) [F/H p. 228] points out that “Gypsum 
is usually calcined in kettles or rotary calciners, after reduc¬ 
tion to a fineness varying from 75 to 95 to 98 per cent 
through 100 mesh” (page 1624 of 1934 Edition, or page 
1961 of 1941 Edition). In view of these prior art disclo¬ 
sures, it is not seen how patentability can be based on the 
particle size. 

Claim 33 also recites that the dense body of solids con¬ 
tain at least 6.6% by volume of solids. This concentration 
of solids is considered to be neither critical nor inventive. 
It is apparent that most of the references have densities in 
the contacting zone greater than that of the incoming or 
outgoing suspensions. The increased density is clearly 
shown and described by OdelL It is also a necessary prop¬ 
erty of the fluidized, liquid-like beds of Winkler and Winkler 
et aL The description of Tyler also indicates that he does 
not have an ordinary suspension wherein the particles are 
blown along at substantially the velocity of the gas. Degnen 
points out that a cloud, mist or fog is formed in the reactor. 
The Muller et al disclosure calls for only slow or gradual 
movement of the suspension. In Huppke, the particles tend 
to settle with respect to the moving gas. In all of these 
references there is inherently formed a relatively dense 
mass of solids in the reactor. • The exact density is consid- 






A 231 

Examiner^s Statement 

ered to be a mere matter of degree and therefore lacking 
in criticality. 

As calculated above, Carpenter may have a solids con¬ 
centration of the order of 12.5% by volume when using a 
cracking temperature of 900° F., a pressure of 25 lbs. per 
sq. in. abs., and a catalyst-to-oil ratio of 15 by volume, and 
ignoring any change in vapor volxime that may occur during 
cracking. If a two-fold increase in volume occurs, as has 
been contended by [F/H p. 229] applicants, the solids con¬ 
centration would still be over 6% by volume. Moreover, it 
will be noted that if the reaction be carried out at a pressure 
of 40 lbs. per square in. abs. instead of 25 lbs., as also sug¬ 
gested by Carpenter, the solids concentration may be calcu¬ 
lated to be about 18.6% by volume. If there is a two-fold 
expansion during cracking, the catalyst concentration would 
still be about 9%. It is considered that Carpenter attains 
all the results sought by applicants regardless of the specific 
velocities used by Carpenter. 

It should be noted, moreover, that the criticality of the 
6 .6% value is not disclosed. To the contrary, the specifica¬ 
tion repeatedly states that the solids concentration need 
only be above 3% by volume. 

Claim 26 depends on claim 33 and states that all the 
particles are smaller than 100 mesh. This is considered 
to be neither critical nor inventive for the reasons set forth 
above with respect to claim 33. 

Claim 30, which also depends on claim 33, adds that the 
solid is a catalyst for the conversion of the gaseous mate- 
riaL Muller et al, Huppke, Odell, Degnen and Carpenter 
all point out that their processes may be used for catalytic 
reactions. Claim 30, therefore, is unpatentable over these 
references for the reasons noted above with respect to 
claim 33. 

Claim 31 depends on claim 33 and specifies that the 
solids concentration is less than 15% by volume. This 
limitation is also regarded as neither critical (see page 9, 
lines 14 to 16) nor inventive. At best, it distinguishes from 
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the prior art only in matters of degree. Moreover, Car¬ 
penter clearly operates in this range. 

Claim 34 is more specific than claim 33 in that the 
gaseous material is hydrocarbon vapor, the solids are 
catalytic, [F/H p. 230] and the reaction conditions promote 
cracking. This is disclosed by each of Huppke, Degnen, 
Odell, and Carpenter patents. Claim 34 is therefore rejected 
as unpatentable over these references for the reasons noted 
above with respect to claim 33. 

Claim 34 is also rejected as unpatentable over each of 
the Huppke and Carpenter patents in view of the Muller 
et al patent. No invention is seen in operating the cracking 
process of Huppke or Carpenter under the conditions de¬ 
scribed by Muller et al, if, indeed, Huppke and Carpenter 
do not do so. Muller et al suggest the use of their process 
for performing catalytic processes at page 1, lines 26-27. 

Claim 29 depends on claim 34 and is rejected for the 
same reasons. It is unpatentable for the reasons noted 
above with respect to claim 26. 

Claim 32 also depends on claim 34 and is rejected for 
the reasons set forth above with respect to claims 34 and 31. 

Applicants have argued that their specific velocities and 
particle sizes produce solids concentrations not predictable 
from Stokes^ law and that, therefore, unexpected results 
are obtained. In the first place, it is believed that the 
phenomenon described by applicants is in fact old in the 
art, and therefore it is irrelevant whether it is predictable 
or not. Secondly, that Stokes’ law is not applicable is 
readily apparent to anyone familiar with that law. As 
pointed out by Gaudin (‘‘Principles of Mineral Dressing”, 
1st Edition, Copyright 1939 by McGraw-Hill Book Co., 
New York, pages 165-201), Stokes’ law is applicable to a 
single homogeneous sphere in a fluid extending in all direc¬ 
tions to infinity in a uniform field of force, and where the 
. velocity is low enough to cause viscous flow. The conditions 
used in applicants’ contacting process depart from those 
making Stokes’ [F/H p. 231] law applicable in almost every 
respect. It would be surprising if Stokes’ law were appli- 
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cable. Applicants’ results are considered to be predictable 
from a consideration of the cited prior art. 

After the final rejection of this case, applicants amended 
the specification and added a new sheet of drawing con¬ 
taining Figure 4. The added curves of Figure 4 are ob¬ 
tained by making certain calculations using the data of the 
curves of Figures 1 and 2. These curves are submitted by 
applicants in order to show an alle^d criticality with 
respect to a gas velocity of about 2.3 feet per second. No 
recognition of any criticality in this value is to be found in 
the original disclosure. To the contrary, as pointed out 
above, much higher velocities were clearly contemplated 
and stated to be operative. The effect of this amendment 
to the disclosure is therefore considered to be of doubtful 
value. Ex parte Appeal No. 6,948, 29 J. P. 0. S. 614, (Au¬ 
gust, 1947); Abbott v. Coe, 1940 C. I). 13,512 0. G. 3. 

Furthermore, the curves drawn in Figure 4 are for 
solids feeds of 0.5,1.0, and 2.0 lbs. per cu. ft of vapors. If 
similar curves be drawn for solids feed rates of 3.0, 4.0, and 
5.0 lbs. per cu. ft of vapors, such curves will show that the 
high densities, in the reactor are obtained even at velocities 
far above 2.3 feet per second. For example, at a feed 
loading of 5.0 lbs. per cu. ft, a gas velocity of 5 ft. per sec. 
will result in a density of about 8 lbs. per cu. ft. in the 
reactor. 

An affidavit under Buie 76 by Dr. Homer Z. Martin has 
been submitted in applicants’ behalf. At page 9, last para¬ 
graph, this affidavit points out that the curves of Figure 4 
apply only to the apparatus with which the data were 
obtained and that the exact velocity at which the break in 
the curves occurs may vary [F/H p. 232J with different ap¬ 
paratus. Nothing in the claims points out the nature of the 
apparatus with respect to which the velocity of 2.3 feet per 
second is said to be criticaL It is clear that the claimed 
velocity is not critical with respect to all apparatus. In any 
case, it is apparent that no appreciation of any such criti¬ 
cality is indicated in the original disclosure. 
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The Martin affidavit also states that in calculating 
the solids concentration in the Carpenter patent the Exam¬ 
iner did not take into account the steam fed to the reaction 
zone. The only source of steam mentioned by Carpenter 
is that used to inject the catalyst. While it is doubted 
that the amount used in this vray would significantly affect 
the calculations, it is clear that such steam need not be 
used at all. Instead, the catalyst may be injected by any 
other conventional means (page 2, column 1, lines 9 to 
19). 

The affidavit also states that the “catalyst to oil ratio 
in the feed does not convey adequate information about 
the nature of the suspension in the reaction zone which 
depends also upon velocity of the gas through the reaction 
zone** (page 11, second paragraph). This is contradictory 
of applicants’ original disclosure wherein it is clearly 
stated that any gas velocity may be used providing the 
cZoy feed rate be adjusted accordingly (see page 6, lines 
8 to 14 and the paragraph starting at the bottom of page 
10 ). 

In the last paragraph of the affidavit it is stated that 
catalyst to oil ratios of 12 to 1 or higher will not necessarily 
produce a “fluidized bed”. This is irrelevant since the 
claims do not recite a “fluidized bed,” whatever is meant 
by that expression. It will be noted, moreover, that Tyler 
and Odell actually use the term “fluidized”. 



Conclusion 

It is believed that claims are drawn to old phenomena 
[F/H p. 2333 disclosed by prior art and fail to define any 
invention thereover. Accordingly, it is thought that the 
rejections of the claims are proper and should be affirmed. 

Respectfully submitted, 

C. S. Duncombb, 

Examiner, Division 31 

• • • 
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AfBdavit of Charles E. Jahnig Dated March 10, 1948 

[F/H p. 238] 

State op New Jersey 
County of Union 

Charles E. Jahnig, being duly sworn, deposes and 
says’: 

That he is familiar with United States patent applica¬ 
tion Serial No. 544,896 filed July 1*4, 1944 in the names of 
Warren K. Lewis and Edwin R. Gilliland and entitled 
“Catalytic Process’*; 

That he is employed by the Standard Oil Development 
Company as a Chemical Engineer in the Development 
Division; 

That he received the degree of B.S. in chemical engi¬ 
neering from Massachusetts Institute of Technology in 
1938 and immediately thereafter entered the employ of 
the Standard Oil Development Company; 

That he worked initially on catalytic cracking and, be¬ 
ginning in 1939 and np until about a year ago, worked 
primarily on catalytic cracking using the fluidized solids 
technique; 

[F/H p. 239] That he prepared the curves shown on 
Exhibit 1 in the record of said application filed with the 
amendment dated November 2, 1945; 

That this exhibit presents curves showing the relation¬ 
ship between loading of finely divided solid in a contact¬ 
ing zone and gas velocity in feet per second through the 
contacting zone for various cases; 

That the exhibit presents four such curves as follows: 

(a) The aforesaid relationship for the experimental 
work of Lewis and Gilliland; 

(b) The aforesaid relationship in a commercial cata¬ 
lytic cracking plant operated in accordance with 
the Lewis and Gilliland invention; 
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(c) The aforesaid relationship on the basis of Stokes’ 
Law; 

(d) The aforesaid relationship assnming no effect of 
gravity in the contacting zone. 

That in plotting the aforesaid relationship he assnmed 
a constant feed rate of finely divided material at all veloci¬ 
ties of 60 lbs./minnte/sq. ft of cross-sectional area of 
contacting zone; 

That in locating the points for Cnrve A he ntilized the 
data plotted in Figures 1 and 2 of said Lewis and Gilliland 
application as follows: 

For the uppermost point at .51 ft/second he went to 
Mgure 1 of the Lewis and Gilliland application and found 
the point on the uppermost curve of hlgure 1 corresponding 
to the solid feed rate of 60 lbs./minute/sq. ft and found 
this to be [F/H p. 240] about 13.5. In like manner, for a 
velocity of .99 ft/second he found the solid loading in the 
contacting zone to be about 11 by reference to the middle 
curve in said Figure 1. In similar fashion he located the 
other points on Curve A of said Exhibit 1 by reference to 
the remaining curves of I^gures 1 and 2 of Lewis and Gilli¬ 
land for different velocities; 

In plotting Curve B he utilized actual plant data of the 
same character as that plotted in Figures 1 and 2 of the 
Lewis and Gilliland application; 

That in plotting Cmrve C he used the equation given 
in Perry’s Chemical Engineer’s Handbook, Second Edition, 
at pages 1853 et seq. for Stokes’ Law as follows: 

V = gd* (/>soL—-pgas) 

18/1 

in which g represents the force of gravity, d is the diameter 
of the particle; p soL is the density of the solid and p gas 
is the density of the gas and /* represents the viscosity of 
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the gas while V represents the free-falling velocity of the 
solid; 

That is solving this eqnation for V the density of the 
solid was taken as 106 lbs./CF and that of the gas was 
taken as .04 lhs./cu. ft while the viscosity of the gas was 
taken as .036 centipoises which was converted into ponnds 
per second per foot by mnltiidying by 0.000672; 

That in calculating velocity according to this eqnation 
he employed a correction factor of 50% for particle shape, 
which is a customary correction factor for non-spherical 
shapes; 

[F/H p. 241] That having calculated the free-falling 
velocity of the solids it was possible to calculate on the 
basis of feed rate of solid for different velocities the accumu¬ 
lation in the contacting zone for such different velocities 
by using the equation— 



#/CF in Reactor = #/CF in feed (gas veloc.—^free falling 

veloc.) 

That his reason for plotting Curve C was that he knows 
of no physical law other than Stokes* Law applicable to 
the free settling of jSnely divided solids in an upflowing 
stream of gas; 

That he recognized that in the system to which his curves 
apply there are factors which were not present in the 
idealized situation on which Stokes’ Law was based but 
that, in so far as the effect of these factors is known, they 
decrease the free-falling velocity for individual particles 
calculable from Stokes’ Law; 

That his normal expectation, therefore, prior to his 
knowledge of the work of Lewis and Gilliland, was that the 
loadings he could calculate from Stokes’ Law would rep¬ 
resent a ceiling on the loadings he might expect; 

That he included Curve D because he knew-that the 
loading in the contacting zone in an upflowing gas stream 


i 
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conld not be lower than the loading in the feed to said 
zone; 

That, therefore, on the basis of knowledge prior to 
Lewis and Gilliland Cnrves C and D represented the ex¬ 
tremes of loading which might be expected with the actual 
loadings falling between those extremes. 

[P/H p. 2423 Farther deponent sayeth not 


Chablbs E. Jahiho 


' SwoBN to and subscribed before me this 10th day of 
March, 1948. 


EiLKBy N. Spaedeb 
Notary Public 

My Commission Expires Apr 3,1950 

(seal) 


, Second Affidavit of Homer Z. Martin Dated 
March 29, 1948 

[F/H p. 2433 

State of New Jersey ) 

County of Union y®®-- 

Homeb Z. Maetut, being duly sworn, deposes and says: 

That he is the Homer Z. Martin who executed an affidavit 
on July 16,1947 in the above-entitled application; • 

That he has read the comments of the Examiner on page 
18 of his statement on appeal in said application relating to 
deponent’s affidavit and Figure 4 of said application; * 
That in his opinion the Examiner has misconstrued the 
significance of the curves in said Figure 4; 
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That the purpose of said carves was not to establish that 
any given velocity of gas was necessary to give a particular 
reactor loading at a given solid feed loading, but was to 
demonstrate that the relationship between reactor loading 
and gas velocity changed abruptly at a given gas velocity 
without regard to solid feed rate; 

[F/H p. 244J That the curves of Figure 4 do show a 
sharp inflection at a velocity of 2.3 feet per second above 
which reactor loading is primarily a function of solid feed 
rate and below which it is primarily a function of gas 
velocity; 

That the Examiner is undoubtedly right when he asserts' 
that high density can be obtained in tiie reactor at a velocity 
far above 2.3 feet per second, with a sufficiently high solid 
feed rate. (This is clearly shown by the curves in IHgure 4 
as well as by the curves in Figures 1 and 2 of said applica- 
tion.); 

That attached hereto is a plot showing the curves of 
Figure 4 with curves added for solid feed rates of 3,4 and 5 
pounds per cubic foot of gas respectively, as suggested.by 
the Examiner; 

That these added curves are based on the curves shown 
in Figures 1 and 2 and the points thereof were determined 
by the same method described in deponent ^s previous affi¬ 
davit; 

That these added curves also show the same inflection 
point at a gas velocity of about 2.3 feet per second; 

That in his previous affidavit deponent did not say that 
the curves of Figure 4 apply ofUy to the apparatus in which 
they were obtained, but stated only the fact that the curves 
did apply to that apparatus; 

[F/H p. 245J That, in asserting that the inflection 
point might vary with different apparatus, deponent was 
merely avoiding the possibility of any charge that he had 
represented the curves as applicable to all types of ap- 
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AfBdayit of Warren K. Lewis Dated March 31, 1348 

CP/H p. 2503 

State of 
County of 

Wabben el Lewis, being duly sworn, deposes and says: 

That he is one of the applicants named in U. S. Serial 
No. 544,896 filed July 14, 1944 and entitled ‘‘Catalytic 
Process^'; 

That he is Professor of Chemical Engineering at the 
Massachusetts Institute of Technology in Boston, Massa¬ 
chusetts where he embarked on his teaching profession in 
about 1910; 

That in the intervening time he has engaged actively in 
consulting work in various branches of chemical industry, 
including the leather industry, the paper industry, the 
rubber industry, the sugar iudustry, the metallurgical in¬ 
dustries and the oil industry; 

That he is a co-author of Principles of Chemical Engi¬ 
neering published by McGraw Hill Book Company in 1927 
and Chemistry of Colloidal and Amorphous Material pub¬ 
lished in 1942 by the MacMillan Company; 

[F/H p. 251] That he is a member of the American 
Chemical Society, the American Leather Chemists Assn., 
the American Institute of Chemical Engineers, the Ameri¬ 
can Institute of Mining and Metallurgical Engineers, the 
Society for the Promotion of Engineering Education and 
an honorary member of the British Institution of Chemical 
Engineers and British Society of Chemical Engineers, the 
Am erican Academy of Arts and Science and the National 
Academy of Sciences; 

That he is a holder of the Perkins Medal, the Priestly 
Medal and the Lamme Medal, the latter being awarded by 
the Society for the Promotion of Engineering Education; 

That he has read and understood the text of Patent No. 
1,913,968 issued ^uhe 13, 1933 to Winkler; 
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That he understands the operation described in this 
patent to be a process of gasifying coal or similar material 
by blowing a gasifying medium upwardly through a bed, 
resting on a grate, of relatively large- size material (nut 
size) at a sufficient velocity to maintain, the individual 
granules of the bed in a constant up and down motion; 

That the patentee indicates that the gas velocity is suffi¬ 
cient to carry dust particles overhead from the bed and 
calls attention to the fact that in the ordinary operation, 
where no further auxiliary measures are taken, the dust 
particles going overhead may contain as much as 70% of 
coal; ' 

[F/H p. 252*1 That the patentee proposes to linject 
further gasifying medium above the bed of solid material 
resting on the grate so as to utilize some of the coal in the 
dust going overhead, claiming that by this expedient he can 
reduce the coal content of this dust below that in the normal 
operation; 

That he has read the comments of the Examiner on 
page 8 of his statement before the Board of Appeals in 
application Serial No. 544,896 filed July 14,1944 in the name 
of Warren K. Lewis et al and entitled “Catalytic Process’’; 

'That in this passage the Examiner states that the gas 
velocity in the lower part of the patented reactor may be 
calculated to be about 0.73 feet per second; - i. ■ - 

That in arriving at this figure the Examiner apparently 
failed to make any correction for temperature, (it being 
noted that the patentee specifies a temperature between 
about 1000°C. and 1100°C. in this reactor) or for volume 
increase due to reaction; 

That, considering the temperature effiecialone, the equar 
tion for the velocity of gas in the lower part of tbe reactor 
in feet per second, therefore, becomes- 

20000 X 3.28 mZ i ^ ^ 

•V = ——— X — 

25 X 36pQ 300 ^ ^ 
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where 3^ is the conversion factor for meters per second to 
feet per second and 1273 over 300 is the temperature correc¬ 
tion factor, these being absolute temperatures, whereby V is 
3.10 feet per second; 

[F/Hp. 253] I^t, as he understands the patented 
disclosure, this is the velocity of the gas through nut 8 i 2 e 
matenal and is suffici^t to keep this material in a vibrating 
condition; 

That the dust in the process is largely contained in 
the upper part of the reactor in which the velocity may 
be calculated according to the foregoing equation to be 
5.4 feet per second; 

That he has also read and understood the text of patent 
No. 2411^579 issued March 22,1938 to Winkler et al; 

' That he understands the process of this patent to be 
essentially the same as the process of patent No. 1,913,968 
with the exception that in the later patent no special addi¬ 
tional provision is made for consuming any combustible 
matter in the dust which passes overhead; 

That at the bottom of page 9 and the top of page 10 of 
his statement before the Board of Appeals the Examiner 
has stated Hiat the gas velodty through the reaction zone 
in Example 1 in this patent may be calculated to be about 
0.5 feet per second and in Example 2 to be about 0.6 feet 
per second, referring to a method of calculation set forth 
in paper No. 14; 

That, referring to paper No. 14, it appears that in 
calculating these velocities the Examiner failed to make any 
temperature correction or any correction for volume ex¬ 
pansion due to reaction; 

^/Hpw254] That the patentees in Example 1 state 
that 9^ cubic meters per hour in all of water gas leaves the 
gas producer throu^ pipe 12; 

That this refers to volumes of dry gas under standard 
conditions because it is customary in this art to state the 
gas production in terms of volumes under standard con- 
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ditions and 'because the patentees state that- 731 cubic 
meters of water gas, which is obviously cold gas, are with¬ 
drawn through line 23 and 258 cubic meters of gas, which 
again is obviously cold gas, are recycled through line 25 
and these two volumes add up to 889 cubic meters; 

That the equation for V according to Example 1, there¬ 
fore, becomes 

989 x 3^8 (950 + 273) 

V --X-^^- 

71(1.1)2 X 3600 ( 27 + 273) : - i ; 


whereby V equals 3.9 feet per second; 

That in Example 2 the patentees show that 540 cul^ 
meters of water gas per hour are withdrawn from the 
apparatus and 364 cubic meters per hour recycled. These 
together represent an effluent of gas from the generator 
per hour of 904 cubic meters; 

That the equation for V according to Example 2, there¬ 
fore, becomes 

(540 + 364) X 3.28 (1100 + 273) 

V =-X —-^• 

^71(1.1)2 X 3600 . ( 27 + 273) - ^ 


[F/H p. 255] whereby V in Example 2 is about 3.96 feet 
per second; 

That because of Ins familiaxity witli itinerations of this 
type he is able to say that, if the patentees produce a dense 
bed at the velocities indicated and with the feed rate of 
solid indicated, it’is dtear that they have referaice'to the 
^ployment mateiiai of much larger particle size than 
that contemplated in the process «f Serial 544^96;^^^^ 

That the patentees give somie indicaticn of the scse of 
material they have in the bed by poonlting tout at tibe end 
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of Example 2 that the ash withdrawn contains ^*only quite 
small pieces of the size of hazel nnts’^; 

That this characterization of the bed is in conformity 
with the clear indication in patent. No. 1,913,968 that the 
bed is composed of granules of nut size. > 

Further deponent saith not. 

Wabbbn K. IiBwm 

SwoBN to and subscribed before me tbia 3ist day of 
March, 1948. 

William Jackson 
Notary Public 
Comm. Expires Jan. 28, 1949 

(seal) 

• • • 


Affidavit of Antoine V. Gaudin Dated March 31, 1948 

CF/H p. 256] 

State of New Jebsey 
County op Union . 

Antoine M. G-auden, being duly sworn, deposes and 
says: 

That since 1939 he has been Bichards Professor of 
Mineral Engineering in the Massachusetts Institute of 
Technology; 

- That prior to that time he was Research Professor of 
Mineral Dressing at Montana School of Mines; 

That he is the author of ^^Prmciples of Mineral Dress¬ 
ing” published in 1939 by McGraw Hill; 

That he is also the.author of '^^Flotation” published in 
1932 by McGraw Hill; 
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That in his research work ahd> in his capacity , as^ p^ 
fessor he .has been concerned in large measure mth sus¬ 
pensions of finely divided material in fluids; . 

That the best established and most valid law applicable 
to such suspensions is Stokes’Law; 

[F/H p. 257] That within the framework of the limi¬ 
tations set forth in chapter 8 of Principles of Mineral 
Dressing” Stokes’ Law constitutes about as useful a guide 
as any to the behavior of {articles of solids settling in a 
fluid; that, in fact, for fine particles in the range of sizes 
from, for example, 5 to 100 microns Stokes’ Law is the only 
relationship that can form the basis for apprai^ of the 
behavior of particles in suspension in a fluid; 

That he has read and understood the specification of 
Serial No. 544,896 filed July 14,. 1944 in the names of 
Warren K. Lewis and Edwin B. Gilliland entitled ^^Cata¬ 
lytic Process”; ; 

That he has read the statement by the Examiner on 
page 17 of his Statement on Appeal as follows: ... r 

‘‘Secon^, that Stokes’ Law is not applicable is 
readily apparent to anyone familiar with that law.*” 

That, if by this statement the Examiner meant that’one 
could not calculate from Stokes’ Law the exact free-falling 
velocity of the particles in suspension in an upflowing gas 
stream, the statement is correct; 

That, if the Examiner meant that one dealing with a 
suspension of finely divided material in an upflowing gas 
stream would not be guided ly Stokes’ Law in' appraising 
the behavior of that suspension, the statement is incorrect; 

That anyone skilled in the art could use Stokes’ Law 
as a guide to the extent that by applying Stokes^ Law he 
could determine the maximum free-falling velocity that 
he could expect of particles m su(^ a suspension; 
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[F/H p. 258] That he has read the statements made 
by the Erainmer on page 3 -of his Qffioe conmumieatMii 
dated May 7 ,1946 with regard to Stohes’ Law; 

That the Examiner is correct in his assertion that in a 
snspension of finely divided scdid in an npflowing gas stream 
in a container there are encountered factors which did not 
obtain in the idealized conditions upon which Stokes’ Law 
is based; 

That these various factors mentioned by the Examiner, 
however, have the effect of decreasing the falling velodty 
of particles which one would calculate from St<Aes’ Law; 

That he has read Appendix A attadied to applicants’ 
brief on appeal in the aforesaid application; 

That he affirms that the statements made in said Ap¬ 
pendix A correctly summarize the discuseion of the points 
dealt with in his book ^^Primuples of Mineral Dressing”; 

That he agrees with the conclusions expressed in said 
Appendix A; 

That, if one were to calculate the falling vdodty a 
particle m suspension m a gas stream from Sties’ Law 
and for the conditions xindm: whidh it applies one would 
obtain a value that is greater than he could expect to 
realize in any practical case on the basis of the knowledge 
of this art, as of 1940, of particles falhng m-a gas stream; 

fJP/K p. 259] 13iat the fishing velocity of the solid 
with reference to the fiuid, or slip vdodty, ^^p, equals 
the difference between the ii«ng velocity of the fluid, ^fluid, 
and the rising velocity of the solid, winch in turn equals 
the ratio of the rate of ascent oi the solid, Q, ex|Mressed In 
weight per area per unit time to the eonoenixation of the 
solid in the operating suspension, or loading C, expressed 
in weight -psar unit volume: 

^sKp = ''^fluid “ “ 
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That this relationship permits an evahxation of 0 in 
terms of the other quantities: 




which shows that the loading of the ojierating zone varies 
inversely as the difference between the finid velocity and 
the sett^g velocity; , 

That since the fiJling or slip velocity calculated accord¬ 
ing to Stokes is a nuudmnm, the corresponding ^dnid t 
(S tokes) is a minimnm and C (Stokes) a mazimTun; 

Tha^ therefore, on the ba^ of tlte knowledge of the 
art as of 1940, if from the falling velocity calculated from 
Stokes’ Law one were to calculate the loading of solid he 
would get in an upflowing stream of a given velocity, the 
loading so calculated would be greater than he'would have 
reason to realize ezperimentally; 

[F/H p. 260] That, if he were to find experimentally 
a loading greater than opuld be calculated on the basis of 
Stokes’ Law as stated herein, such loading would suggest 
the existence of some xmexpected new phenomenon. 

AirrcnKX M. Gaouxb' 


SwoBK to and subscribed before me this Slst day of 
Mardi,1948. 

EiLEBn N. SpAimxa 
Notary PubKc 

My (Tcmaani^cm llxpirc^ Apr A 
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Examiner’s Reply Under Rule 137 Dated Aprfl 14> 1948 

CF/Hp-SSOj 

Applicants’ brief points ont the importance of the sub¬ 
ject matter involved here. Since the filing of the parent 
application in January, 1940, the so-called **fiuidized 
catalyst” systems have come into prominence. The claims 
here are designed to cover those developments, applicants 
contending, in effect, that these fluidized catafyst processes 
are based on the disclosure in this case. They claim for 
this case such commercial success as has occurred to the 
fluidized catalyst processes now in vogue. 

The relationship between the £sclosure in this case and 
the present fluidized catalyst processes is far from clear. 
There is little similarity between the apparatus shown in 
Figure 3 of applicants’ drawings, for instance, and those 
of the fluidized catalyst systems in actual operation. It 
is believed that the prior art is more closely similar to the 
successful fluidized catalyst operations now in use than is 
the instant application disclosure. 

In an effort to identify the disclosure in this case with 
present-day fluidized catalyst processes, applicants make 
certain statements whidi find no clear support in the origi¬ 
nal disclosure. Thus, at the bottom of page 1 of their brief, 
and again at the bottom of page 5, it is stated that the resi¬ 
dence time [F/H p. 351J of the particles can be controlled 
independently of the residence time of the upflowing gas. No 
dear disclosure of this is found in applicants’ application. 
Again, on page 15 of the brief it is stated that **In an opera¬ 
tion according to applicants’ invention finely divided parti¬ 
cles are continuously leaving the dense, turbulent bed in en¬ 
trainment in the off gas and are continuously being supplied 
to the bed in an amount to compensate for the portion 
which leaves but the bed remains as a definite bed having a 
definite observable upper level or interface above which 
the suspension becomes dilute”. In applicants’ disclosure, 
this definite level is not described, but it. may be assumed 
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to occur at the top of the contacting vessel 1 shown in Figure 
3 of tile drawing. In a modem ftnidi^ catalyst system, 
however, the dense phase level existe in the contacting 
vessel irrespective of the location of top of the vessel;- 
that is, the velocity is adjnsted so that the dense phase 
forms with an eqnilibrinm level well below the top of the 
contacting zone. Applicants have no such conception; many 
of the prior art references do. It is believed, therefore, 
that the* success of flnidized catalyst systems is not neces¬ 
sarily related to the disclosure in this case. i 

Moreover, commercial success is irrelevant in a' case 
where, as here, there is no doubt as to the patentability of 
the subject matter in issue. ' 

At pages 28 to 33 of tiieir brief, applicants refer to-the 
Muller et al 1,810,055 patent. They state that the concept 
of Muller et al is based on the operability of Stohest Law 
and that the Telodties need in the Mnller et al procew are 
those theoretically obtainable by Stokes’ Law. The ex¬ 
aminer is unable to agree with this interpretation of the 
patent Muller et al nowhere mention or in any -way refer 
to Stokes’ Law. The Muller et al disclosure indrawn to a 
wholly practical, not a theoretical, process. [F/H p. 352] To 
determine tiie gas velocity in the Muller et al process, one 
merely continuously feeds the finely divided ^partid^ into 
the reaction zone at the desired rate and tiien adjui^ tiie: 
gas velocity **in sudi a -way that the ascending movenrant of 
the dust or fog zone and the corresponding replacement 
by fresh material proceeds in a steady and gradual man¬ 
ner” (page 1, lines 81 to 89). This is an actual, Readily, 
ascertainable velocity, not one calculated by consideration 
of any theoretical law. Applicants further contend that no 
turbulence and mixing occur in the Muller et al contacting 
zone. It is believed that sudb turbulence and mmng is 
inevitable in the actual Muller et al process. It shouM be; 
noted that it is not the individual partides -whidi .ascend 
gradually in the contacting zone, but, rather, the *'dust or 
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fog: zone^\ It sliOTild be further noted thaty'^as in appHeants’ 
process, both the solids and the gas are introduced at the 
bottom of the contacting zone so that the solids must be 
carried upwardly by the gas. Notwithstanding that the 
Mnller et al patent does not set forth specific nnmerical 
vahies for the particle size and gas -velocity, it is consid^ 
ered that it is actually drawn to the phenomenon described 
by applicants. The determination of the gas velocity, for 
any desired size of particles and solids feed rate, is a matter 
of simple routine experimentation. 

At pages 34 to 37 of their brief, applicants discnss the 
Tyler 1,798,857 patent. They point out that the patentee 
uses “a much smaller proportion of fluid gas • • • than 
is necessary if the solid is to be carried or blown along 
in suspension’^ and they compare this statement of the 
patentee with the disclosure in a Kinyon x)atent not of 
record here. It is believed that Tyler differs substantially 
from the described Kinyon flow in that Tyler specifically 
states that the gas **has a further function of actually 
CP/H p. 353] causing movement or contributing to ttiws 
movement of the fluidized mixture”, and that ^*the gas doed 
have that moving function in addition to its fluidizing func¬ 
tion” (page 3, lines 35 to 51). In the Eonyon process, the 
gas evidently has only a fluidizing function. Attention is 
also directed to the fact that appHcants’ original disclosure, 
like Tyler, also contemplates that the gas velocity not be 
sufficient to blow the solids along in suspexision with no 
appreciable slipping, Le., some degree of settling resulting 
in high density is sought. 

"With respect to the Winkler 1,913,968 and Winkler et al, 
24 II 9579 patents discussed at pages 37 to 41 of i^plicants’ 
brief, applicants controvert the gas velocities calculated 
by the examiner and urge that the true velocities in these 
references exceed the claimed range of velocities. (In their 
' remarks of August 13,1946, Paper No. 13, i>age 2^ appli¬ 
cants urged that the velocities of the Winkler et al patent 
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were hdow the claimed range.) Supporting this contention 
there is submitted a belated affidavit by Warren K. Lewis. 
It is agreed that temperature and volume change due to 
reaction will affect the gas velocity calculations. How¬ 
ever, the references do not state the conditions under which 
the gas volumes were measured. There is no dear bads 
for assuming, as has the Lewis affidavit, that the gas 
volumes of the references were measured under standard 
conditions. But even if this be conceded, pressure is also 
an important factor. It requires appreciable gas pres¬ 
sures to force the gas through the dense turbulent bed of 
solids in the contacting zone and through the subsequent 
cyclone separators and other apparatus. If, in the Winkler 
1,913,968 patent, this pressure be assumed to be the vei^ 
low figure of 5 lbs. per square inch gauge, the residtant 
decrease in volume over that at standard conditions is 
about one-third. [F/H p. 354] Thus, the calculated velocity 
of 3.10 feet per second calculated by Professor Lewis be¬ 
comes about 2.3 feet per second. Higher pressures will 
result in even lower velodties. The same is true of tiie 
Winkler et al 2,111,579 patent except that the pressure there 
is probably mudi greater than 5 lbs. per square indi since 
the steam injected at 29 is under a pressure of 3.5 atmos¬ 
pheres (about 37 lbs. per sq. inch gauge). However; it is 
considered to be unimportant what the specific velocities of 
the references are. It is dear that even by appHcwts’ fig¬ 
ures the reference velocities are of the same order of magni¬ 
tude as redted in the claims. No invention is seen in using 
a velodty of 2.3 feet per second when the prior art disdoses 
3.10 feet per second, especially since it is well known and 
obvious that the velodty should be correlated with particle 
size to produce the desired turbulent suspension. 

The Odell, Carpenter and Degnen patents are discussed 
at pages 42 to 49 and 54 to 58 of applicants’ brief. The 
observations, made in the Examiner’s Statement with re¬ 
spect to the pertinence of these references are adhered to. 
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Belative to the Hnppke 2,231,424 patent discussed at 
pages 49 to 53 of applicants’ brief, it is pointed out that 
Hnppke nowhere refers to Stokes’ Law or to the use of 
merely theoretical velocities to obtain the settling tendency 
described at page 1, column 2, lines 20 to 24. It is irrelevant 
whether Hnppke appreciated all the advantages of his 
lower velocity, hindered settling operation. Applicants’ 
reference to a different Hnppke patent not of record here 
is also clearly irrelevant 

An extended discussion of Stokes’ Law is given by 
applicants and by a belatedly-submitted Gaudin affidavit 
These have been considered, but it is thought that appli¬ 
cants’ reliance on this matter to show criticiJity is not well 
placed. Since [F/H p. 355J Stokes’ Law is clearly inappli¬ 
cable, conclusions drawn therefrom are not regarded as 
controlling here. It is quite sufficient that the alleged criti¬ 
cality is appreciated in the prior art The Winkler, Winkler 
et al, Odell, Tyler, and Muller et al patents, for example, all 
clearly disclose, or inherently obtain, the phenomenon which 
applicants’ contend are “unexpected” and were “dis¬ 
covered” by them. 

The Martin affidavit under Buie 76 submitted July 22, 
1947 (Paper No. 15) states with respect to the curves of 
Figure 4: ^ 

“That it is to be borne in mind that these curves 
apply to the apparatus with which the data were 
obtained, and that the exact velocity at which the 
break occurs may vary with different apparatus; 

“That experience has indicated that this break 
does occur at different velocities with different ap¬ 
paratus but that the break is always within the range 
of velocities given by Lewis and Gilliland, namely 
0.3 to 7.8 feet per second; 

“That in most apparatus the break occurs be¬ 
tween about 0.5 and 3 feet ji^r second;” 
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. _ . . - 

Now in a farther affidavit by Martin snbmitted with aj^pli- 
cants’ brief, he qualifies the above statements thiis: 

^*That in his previous affidavit deponent did not 
say that the curves of Figure 4 apply ovUy to the 
apparatus in whidi they were obtained, but stated 
only the fact that the curves did apply to that 
apparatus; 

**That, in asserting that the inflection point 
might vary with different apparatus, deponent was 
merely avoiding the possibility of any <diarge that 
he had represented the curves as applicable to all 
types of apparatus when he had not studied the data 
from all types of apparatus”; 

I 

Thus, it is seen that whereas in the first affidavit the 
deponent Martin drew on **experience” as to what occurs 
in ^^most apparatus”, he now indicates that he does not 
know what occurs in other apparatus. In the li^t of 
these affidavits, it is difficult to see how applicants can now 
generalize as to the criticality of the 2.3 feet per second 
velocity. The Martin affidavits indicate that this value 
may or may not apply to all apparatus, and certainly the 
original disclosure in the applicalion says nothing on [F/H 
p. 356] this point. 

It is thought that the prior art clearly recognizes and 
utilizes the phenomenon being claimed hy applicants and 
that the claims are not patentable thereover. 

Respectfully submitted, 

C. S. Duhoombb 
E zammer, Bhimon 31 
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[F/H p. 358] This is an appeal from the action of the 
Primary Examiner finally rejecting claims 26 and 29 to 34, 
all of the claims in the application. 

Claim 33 is reproduced as illustrative of the subject 
matter: 

33. In a process for contacting a gasiform mate¬ 
rial and a finely divided solid the improvement which 
comprises passing gasiform material upwardly at a 
velocity between about 0.3 and about 2.3 feet per 
second through a dense body of said solids consti¬ 
tuting a contactings zone in which said solids are 
present in particles of different sizes, the largest of 
which are not larger than about 10 mesh, which 
include particles between 200 and 400 mesh and the 
major portion of which passes 100 mesh, said gasi¬ 
form material being introduced into said zone 
through an entrance of more restricted cross sec¬ 
tional area than said contacting zone, continuously 
removing gasiform material from the upper end of 
said zone, continuously removing solids together with 
gasiform material from the upper end of said zone 
and continuously introducing finely divided solids 
[F/H p. 359] directly into said zone at a rate suffi¬ 
cient to replace solids removed therefrom and main¬ 
tain said dense body as a highly turbulent mixture of 
finely divided solids and gasiform material contain¬ 
ing at least 6.6% by volume of said solids, the mini¬ 
mum velocity of gasiform material employed within 
the range given being that sufficient substantially to 
empty said contacting zone of solids in the absence of 
continuous solids feed to said zone. 
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The references relied npon are: 


Tyler. 1,798,857 Mar. 31, 1931 

Mnller et al. 1,810,055 June 16, 1931 

W?nkler . 1,913,968 Jnne 13, 1933 

Odell. 1,984,380 Dec. 18, 1934 

Winkler et al. 2,111,579 Mar. 22, 1938 

Hnppke .. 2^31,424 Feb. 11, 1941 

Carpenter . 2^9,486 Oct 21, 1941 

Degnen. 2,305,569 Dec. 15, 1942 


Metallgesellschaft (Br.). 285,038 May 9, 1929 

The appealed claims relate to a process which comprises 
essentially certain physical steps in causing intimate con¬ 
tact between a finely divided solid and a gas. The process 
may be applied to catalytic conversion of hydrocarbons 
wherein the catalyst is in the form of a finely divided solid 
and wherein the hydrocarbon is in the form of a gas. 

Appellants ac^owledge as prior art developments in 
this field two distinct processes. In one process the solid 
particles are carried with the gas so that the two move at 
substantially the same velocity. In another process the 
solid partides in fairly large sizes are placed in a bed and 
the gas is forced upwardly through the particles at sudi a 
velocity as to cause some degree of movement or vibration 
of the particles. The velocity,' however, is maintained at 
-lower than that which would move the particles out of the 
bed. It appears to be appellants’ view that all the prior 
workers in the art assumed that in the last mentioz^ 
process Stokes’ Law applied. That law states in mathe¬ 
matical form the maximum falling velocity of.a falling 
spherical particle in a fluid medium. It is [F/H p. 360J 
apparent that if this law applies the upward velocity of a 
gas through a bed of solid particles must be less thw the 
falling velocity predicted by Stokes’ Law, as otherw^ the 
particles would be carried upward out of the bed.- 

It appears to be appellants’ .view of Hieir invention that 
they employ a procedure contrary to what would be con- 
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sidered operative under Stokes’ Law, tliat is, they employ 
a gas velocity greater than the falling velocity predicted by 
Stokes’ Law. Some of the particles are carried upward and 
out of the reaction zone, and appellants propose to maintain 
the reaction zone at approximately constant density by con¬ 
tinuously applying fresh particles at the bottom of the 
reaction vessel in quantity equal to the quantity of particles 
removed at the top. The velocity of the gas, however, is 
maintained lower than that which would be required to 
carry all of the solid particles at a rate substantially equal 
to the velocity of the gas itself. In appellants’ view their 
process is intermediate between the two old processes dis¬ 
cussed above. 

The Examiner has refused the claims as unpatentable 
over the references which he has applied in considerable 
detail and discussed at length. Appellants have also dis¬ 
cussed these references in considerable detail and x>ointed 
out what they consider to be the primary distinctions there¬ 
over. 

The claims include a restriction to gas velocities between 
.3 of a foot and 2.3 ft. per second. A density of solid par¬ 
ticles of at least 6.6% by volume in the reaction zone is 
spedfied and an upper limit of 15% by volume is specified 
in some of the claims. The claims require that the solid be 
present in particles of different sizes, the largest [F/H 
p. 3611 being not over 10 mesh and the smallest being 
between 200 and 400 mesh. Claims 26 and 29 limit the 
largest size to not larger than about 100 mesh. 

We deem it xmnecessary to describe the references in 
detail as these have been sufficiently described in the record. 

The Odell patent describes a process which appears to 
us to be similar to that contemplated by appellants but for 
the larger size particles. In treating crushed coal, Odell 
recommends or particles, and also recommends 
, uniform size. Similar sizes are suggested for coke. 

' On page 5 Odell discusses the phenomena involved giving 
a matheuiatic^ formula for the velocity of the gas required 
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to maintain solid particles in the fluidized state. However, 
it is noted that at the bottom of the first column on page 5, 
Odell states “velocities much greater than lifting velocities 
can be used with satisfactory results.^’ 

It appears that appellants’ claims are restricted to a 
velocity somewhat greater than lifting velocity. At the top 
of the second column of page 5 Odell states that, for sand, 
air at a velocity of .8 ft. per second is sufScient to maintain 
the particles in fluidized condition. The last paragraph of 
page 5 describes in some detail the fluidized mass. We thiTilr 
that the Odell patent substantially teaches the conditions 
contemplated by appellants. A determination of the par¬ 
ticular gas velocity and the size of particles is not consid¬ 
ered to be of inventive significance. 

The Muller et al patent does not give any specific data 
as to particle size, or velocity, but it appears to us that 
Muller et al contemplates an operation similar to that [P/H 
p. 362] contemplated by appellants, where they speak of a 
continuous process with the ascending particles being re¬ 
placed by a corresponding amount of fresh material at the 
bottom. 

The patent to Tyler describes a procedure for calcining 
gypsunL In Fig. 2 the ground gypsum is forced through 
a series of tubes 15c by means of steam or other gas. 
Appellants apparently concede the particles of Tyler will 
be of the same sizes as required by the claims. Appellants 
point out that their claims require that the gas be fed into 
the bottom of the contacting zone through an opening of 
restricted cross-sectional area, whereas it appears that the 
cross-sectional area of Tyler is the same at the opening as 
throughout the contacting zone. There is no distinct state¬ 
ment in Tyler of gas velocity or of volume density of solid. 
We are of the opinion that it would be a matter of mere 
experimentation to determine a gas velocity which would 
sufficiently carry the solids through the treating zone at 
such a rate of speed as to attain adequate time of contact. 
Appellants’ discussion of Tyler also mclude9 a discussion 


/ 
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of Elayon patent, not a matter of record.. We do not see 
how Snyon’s disclosure can be used to modify that of 
Tyler. 

The patent to Wbokler discloses an expedient for ob¬ 
taining a gas by treating comminnted coal with a gas. The 
Examiner calculates the gas velocity f or WinMer to be 3.7 
ft per second. Appellants present other calculations using 
a correction for temperature which gives a gas velocity for, 
WinMer of 3.2 ft. per second. The Examiner points out 
that if a temperature correction is to be applied to WinMer 
then a pressure correction should also be applied, and if 
such correction is applied, the resulting calculated gas 
[F/H p. 363] velocity is about 2.3 ft. per second. The 
claims here are restricted to from 0.3 to 2.3 ft. per second. 
However, it is noted that the original description stated that 
the operative range was from .3 ft per second to 7.8 ft per 
second. 

The WinMer et al patent has been discussed in connec¬ 
tion with the WinMer patent l,913,968w The WinMer et al 
patent appears to be a modification or improvement on the 
WinMer patent The size of grains mentioned in WinMer 
et al is ranging from dust particles to 10 millimeters. This 
is the same general range as recommended by appellants. 
The Examiner has similarly calculated the gas velocity for 
WinMer et al and found it to be and-.6 ft per second. 
Appellants apply a temx)erature correction and arrives at 
figures of 4.3 a]^ 4.2 ft per second. The Examiner pro¬ 
poses a pressure correction and asserts that such pressure 
correction will put the gas velocity of the WinMer et M 
patent within the claimed range. 

Ax>pellants also point to the statement tiiat pieces of 
the ash of the size of hazel nuts are obtained in the WinMer 
et al process, and therefore concludes that the patentees 
used pieces of that size in their process. We are unable 
to agree with this contention. The statement concerning 
pieces of ash of the size of hazel nuts is in support of the 
statement tb?^ material amount of slagging takes ph^. 
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The slagging referred to is of course a coalesoenciB of the 
particles of ash resrdting from the heat of oomhostion. 
We are of the opinion that the dear and nneqnivocal state¬ 
ment of Winkler et al concerning, the size of the grains of 
the solids used cannot be modified in the manner suggested 
by appellants’ brief. We are of the opinion that the process 
^/H p. 3643 described by Winkler et al provides ai sub¬ 
stantial anticipation of claim 33. 

The patent to Degnen describes very ranch higher velod- 
ties than those contemplated by appellants, and this patent 
therefore appears to be an illustration of the tyx>e of pro¬ 
cedure wherein the solid particles are carried along with 
the gas at substantially the same velodty. 

Huppke describes a catalytic process wherein a finely 
divided catalyst is carried upward by a stream of gaseous 
reactants, l^e solid partides, and the resulting product, 
are separated and the solid particles returned to the reactor. 
On page 1, second column, the patentee states that the pow¬ 
dered catalyst material is kept in suspension in the gaseous 
reactant for a length of time snfiSdent to insure the desired 
reaction. It is said that the rate of gas flow might be such 
that there is a tendency for the catalyst to settle substan¬ 
tially with respect to the moving gas, or alternatively; the 
gas may be of such a velodty as to carry the catalyst ialong 
with it It appears to us that the first menti<med of tl^ two 
expedients is substantially that contemplated by appellants, 
although applied to a particulate solids in a much finer form 
than that contemplated by appellants. It appears to us that 
the phenomena, of settling referred to by Huppke would be 
impossible to attain if Stokes’ Law applied directly to sndi 
a systeuL 

The patent to .Carpenter is silent as to the gas vdodty 
or the size of the particles. The Examiner relies on this 
patent to show a vdume density of a particulate catalyst in 
a hydrocarbon vapor-within the range here claimed, k 

In summary,> the acknowledged priofr art process OVH 
p. 3653 wherein substantially ststioiirtay vibrating partides 
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are used, is illustrated by WinMer 1,913,968; and the ac¬ 
knowledged prior art process wherein the particles are car¬ 
ried at substantially the same velocity as the gas is illus^ 
trated by Degnen. We think that each of Muller et al, Odell, 
Winkler et al and Huppke describes processes that are in¬ 
termediate between the two extremes mentioned above. The 
entire range of possible particle sizes and gas velocities 
seems to have been explored. We do not regard it as of: 
importance that prior workers may not have recognized the 
inapplicability of Stokes^ Law to the involved phenomena. 
However it appears to us that both Odell and Huppke recog¬ 
nized the phenomena referred to by appellants. It appears 
also that the Winkler et al teachings as to sizes and gas 
volumes show a recognition of a contradiction to Stokes’ 
Law. 

Numerous affidavits have been presented in the record. 
These attempt to establish commercial success and also that 
the effects observed by appellants are contrary to the 
effects to be expected from a consideration of Stokes’ Law. 
Affidavits have also been presented purporting to show a 
critical difference in loading on changing the velocity of 
the gas. 

' The affidavits on the last-mentioned subject include 
curves which are derived from data presented in the orig¬ 
inal description. These curves tend to indicate a break in 
the relationship between the reactor loading and the gas 
velocity at about 2.3 ft. per second. The affiant further 
- states that this break occurs at different velocities with 
different apparatus but that it is always within the range 
of .3 to 7.8 ft per second. It would appear to us that the 
[F/H p. 36^ change would also be at different velocities 
with solids of different densities. 

Since we are of the opinion that such references as Odell, 
Huppke and Winkler et al disclose operations substantially 
within the terms of the claims, the evidence of an irregu¬ 
larity in the gas velocity-loading relationship does not 
justify allowance of. the daims. 
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We have heretofore discussed the question of the prior 
art failure to recognize the inapplicability of Stokes* Law. 
Evidence of commercial success or evidence of anomalous 
behavior of a previously disclosed process are not germane 
to the issue of novelty. A history of the development of 
the same process shows that some skilled technicians were 
reluctant to accept the gas velocities here claimed. These 
technicians held the view that high reactor loadings could 
not be obtained with the contemplated feed rates and gas 
velocities in view of Stokes * Law. However, that reluctance 
appears also to be applicable to accepting the teachings of 
the prior art, particularly Odell and WinHer et aL 

No reversible error being found in the Examiner's 
action, his decision will be and is affirmed. 

In event of appeal attention is directed to In re Boyce, 
32 C. C. P. A. 718; 144 Fed. (2d) 896; 1944 C. D. 609 ; 568 
0. G. 568 ; 63 IT. S. P. Q. 80, in regard to specifically in¬ 
cluding in the appeal notice all grounds of rejection in the 
Examiner's Statement not expressly overruled by the 
Board. 

F. J. POETEB 
Examiner-in-Chief 
E. W. Genzbsse 
Examiner-in-Chief 
C. F. Blakely 
Examiner-in-Chief 
(Acting) 

> ‘ 

Me; P. L. Youkg 
Bm. 436, 42 Broadway 
New York N.Y. 


Boabd 

-OP 

Appeals 


May 27,1948 
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' V ^ EF/H p.3673 New York, N.Y. 

June 25,1948 

The above-named applicants hereby request Ihe Hon. 
Board'of Appeals to reconsider its decision of May 27,1948 
in the above-entitled application. The primary basis for 
this request is the following ruling by the Board of Appeals: 

“Evidence of commercial success or evidence of 
anomalous behavior of a previously disclosed proems 
are not germane to the issue of novelty.*^ 

While this is a proper statement of law, it is not applicable 
to the present case. 

There is a real distinction between a rejection for lack 
of novelty and a rejection for lack of invention. Novelty is 
when the precise thing claimed is old in the art. 
When the features of the thing claimed are not found in the 
prior art, rejection for Uu* of novelty is not applicable 
although a rejection for lack of invention may be. The 
distinction is [F/H p. 368] fairly well brought out in 
Walker on Patents, pages 254 et seq., in the following lan¬ 
guage: 

“Statements that some things are not patentable 
because, though new in a commercial sense, they are 
not new in the eye of the patent law, occur in a few 
reported cases. • • • In every such instance, however, 
it would have been more accurate to say that some 
things are not patentable because, though new things, 
they are not invented things. Sudi things lack 
patentability not because they lack newness, but be¬ 
cause they lack invention. • • • •. 

“Novelty is not negativ^ by anything not substan¬ 
tially identical with the subject of the patent, even 
though the function of the prior process or thing was 
identical with that of the patented matter. • • • • 
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' But if a patented process or thing possesses distinct 
and apparently important characteristics (features 
* in claims) not possessed by any alleged anticipation, 
the defense for want of novelty will faiL” (paren¬ 
thesis added) 

It is clear that the Board of Appeals assumed that it 
had established lack of novelty in applicants’ claims and on 
that basis failed to accord any weight to applicants’ show¬ 
ings of unexpected result and, commercial success. It is 
thought the Board will agree that these showings are en¬ 
titled to weight if it can be demonstrated that the prior art 
relied upon by the Board of Appeals is not adequate to 
negative novelty in applicants’ claims and was actually not 
so applied by the Board. Applicants propose to demon¬ 
strate these facts in the following discussion. • ^ 

As applicants understand the decision of the* Board of 
Appeals, it holds that the "Winkler patent No. 1,913,968 is 
illustrative of a system in which vibrating .particles axe 
main- [P/H p. 369] ,tained in a substantially stationary bed 
and that patent No. 2,305,569 to Degnen is illustrative of a 
process in which the particles are carried at substantially 
the same velocity as the gas. Accepting these representative 
operations as extremes not relevant to applicants’ claims, 
the Board then found that the processes disclosed by Muller 
et al, Odell, Winkler et al and Huppke fall between these 
extremes in the region occupied by applicants’ process. The 
following discussion, therefore, will be directed primarily 
to these four latter references. 

OdeU 

It appears that the Board recognized that in so far as 
Odell’s disclosure of processes for treating coal and coke 
are concerned, the OdeU disclosure is quite irrelevant to 
applicants’ claims. The Board points out that for such 
processes OdeU proposes to use larger sized material than 
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that specified in applicants’ claims and recommends mate¬ 
rial of nniform size. It is assnmed that to this extent the 
Board was in accord with the decision of September 13, 
1946 of the Board of Appeals referred to on’page 44 of 
applicants’ Brief on Appeal 

The Board of Appeals called attention to the mathe¬ 
matical formnla given on page 5 of Odell and the statement 
that velocities mnch greater than those indicated by the 
formnla (necessary fluidizing velocity) can be used with 
satisfactory results. Solving this equation for Vs" particles 
indicates a [F/H p. 370J TniniTnuTn velocity of 17.1 ft/ 
second and for particles a velocity of 24.2 ft/second. 
Since these velocities are many times the maximum speci¬ 
fied in applicants’ claims, the Odell patent does not become 
any more competent as an anticipation by the statement 
that he can use velocities greater than those indicated by 
the formula. 

The only specific velocity mentioned by Odell is at the 
top of page 5 referred to by the Board. Here Odell states 
that he can maintain sand in a fluidized condition in a bed 
by blowing air through it at the rate of 5/6 of a foot per 
second. This velocity is within the range specified in 
applicants’ claims but there is nothing to indicate what 
the particle size of the sand is. The last sentence of this 
column states that: 

“If air is blown upwardly through a mass of quick¬ 
sand under the velocity conditions defined above, the 
mass of sand would be a ^fluidized mass’ ”. 

There is no connotation of size in the word “quicksand” 
which merely indicates that the sand is suspended in a 
rising stream of fluid. Thus, tfiere is nothing in this dis¬ 
closure which could justify a rejection of any of applicants’ 
claims as lacking novelty over this disclosure. 

Even if it be assumed that the sand referred to by Odell 
satisfies the particle size limitations of applicants’ claims. 
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this disclosnre is still inadequate to negative novelty in 
any of applicants’ claims. It will be observed that the 
operation disclosed by Odell with respect to sand is merely 
blowing air [F/H p. 371J upwardly through a bed of sand. 
Each of applicants’ claims includes the important step of 
continuously feeding solid to the dense suspension at a 
defined rate. This step is entirely lacking in Odell’s dis¬ 
closure with respect to sand. 

The fact of paramount importance about this disclosure 
of Odell is that it finds its exact counterpart in applicants’ 
disclosure in the first paragraph of page 10 of applicants’ 
specification. Applicants point out that when air is blown 
upwardly through a bed of clay at a velocity of only 0.3 
ft/sec. half the clay is quickly blown out of the chamber 
with substantial segregation of finer particles. Applicants 
then point out that if clay is continuously fed into the 
bottom of the chamber at a rate of 10 lbs./minute per square 
foot of horizontal cross-section of the chamber the clay 
concentration in the chamber can be maintained continu¬ 
ously at 12.5 lbs./cu. ft. even though the gas velocity be 
increased to 0.51 ft/second. Applicants emphasize the 
additional difference that when the clay is continuously fed 
into the suspension segregation of fine particles from coarse 
ones is negligible. 

Odell tibien, in the only disclosure of his patent on which 
the Board could conceivably rely for anticipatory purposes, 
discloses merely that which applicants themselves in their 
original specification have shown to be lacMng in utility 
for the achievement of their desired result 

[F/H p. 372J Particular attention is directed to 
claims 34,29 and 32. These claims are directed to the cata¬ 
lytic conversion of hydrocarbons. Applicants’ showing of 
conimercial success is particulary directed to this process. 
Manifestly, Odell’s disclosure of blowing air through a bed 
of sand cannot negative novelty in these claims. 
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It is noted that, in holding that the Winkler patent No. 
1,913,968 represented one of the extremes between which 
applicants’ invention resides, the Board stated that 
Winkler illnstrates ‘‘the acknowledged prior art process 
wherein substantially stationary vibrating particles are 
used.” In this connection attention is called to Odell’s 
definition of “fluidized mass” in lines 34-42 of column 2 of 
page 5 in the following language: 

“it is used to designate a ‘psuedo-fluid’ such as is 
formed by passing an aeriform fluid upwardly 
through a substantially stationary mass of confined 
substantially uniformly sized particles of solid ma¬ 
terial at sudbi a rate that the particles assume limited 
freedom of motion • • • are in vibrant motion.” 

It is applicants’ position that Odell illustrates the same 
extreme as that illustrated by Winkler. 

MvUer et al 

The Board of Appeals disposed of Muller et al im¬ 
mediately as a basis for rejection on the ground of lack 
of novelty by conceding that Muller et al gives no specific 
information as to [F/H p. 3733 particle size or gas velocity. 
As to claims 34, 29 and 32, it may also be pointed out that 
Muller et al make no mention of catalytic conversion of 
hydrocarbons. 

The patent to Muller et al was carefully analyzed in 
ax>plicants’ brief on app^ with reference to the corre- 
- spending British patent, the two having been relied upon 
jointly by the Examiner. The patmitees say that the es¬ 
sence of their invention is to have a suspension in which 
the particles are substantially stationary with respect to 
the walls of the vessel They make this more evident by 
pointing out that in order to handle particles of different 
sizes they use a flared reactor so that the gas velocity will 
be different at different levels with the resplt that particles 
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of diffeirent i sizes can assnme tMs vsnbi^taittially; stationary 
condition at different levels, i They refei to ffieir snspemaon 
as a fog, indicating a dilnte suspension. It is scarcely to 
be doubted that the patentees refer to a type bf susp^sibh 
fundamentally different from that which characterizes ap¬ 
plicants’ invention. 

After explicitly describing the nature of their suspen¬ 
sion, the patentees make the general statement that the 
process can be made continuous by gradually displacing 
the fog in the vessel with new suspension. .It is clearly im¬ 
proper to read into this general statement that the pat¬ 
entees contemplated that, in going from an intermittent to 
a continuous process, they would fundamentally change 
the character of their suspension. To do so violates 
[F/H p. 374J accepted rules of construction since in any 
patent disclosure all statements made must be construed 
in such a manner as to be consistent with the objective of 
the patentee. 

It is manifest that it is in conformity with the patentees’ 
disclosure to read the statement as to continuous operation 
to mean that there is a fog or cloud maintained in the con¬ 
tacting zone and that this fog or cloud is gradually dis¬ 
placed by additional fog or doud introduced at the bottom. 
To construe the statement as to continuous operation to 
mean an operation such as that recited in applicants’ claims 
in which the particles in the contacting zone are in an ex¬ 
tremely rapid state of motion with respect to the walls of 
the vessel and in which solid is continuously fed into the 
contacting zone at such a rate as to maintain therein a 
suspension containing at least 6.6% by volume of the solid 
does violence to the avowed purpose of the patentees to 
maintain a suspension in which the particles rem^ sub¬ 
stantially stationary with respect to the walls of the vessel 
The patentees’ disclosure of continuous operation is con¬ 
tained in a single sentence of general character. To read 
into this single sentence the specific operational-details of 
applicants’ claims, particularly when these detailed opera- 
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tioos lead to a result cpiite at Taziazice with the ohjecti^ 
of the patentees, is th<»z^ to be quite improper. ' 

Winkler et <A • • ■ v. -i 

The Board of Appeals correctly characterized Ihe 
Winkler et al patent as being directed to a modification 
or improvement on the Winkler patent. Winkler et al point 
.out that, in the CF/H p. 3753 gasification of coal while 
utilizing a bed such as shown in the Winkler patent (both 
the WinHer et al and the Winkler patents relate to im¬ 
provements in gasifying processes utilizing a bed of vibrat¬ 
ing granules as disclosed in U. S. patents 1,687,118 and 
1,776,876), the amount of gas required for the gasification 
is often not adequate to agitate the bed of granular coaL 
They propose, therefore, to augment the gasifying medium 
by recycled product gas whereby adequate agitation in a 
bed of this type can be realized without undesired dilution 
of the product gas. Doesn’t this clearly indicate that 
Winkler et al contemplate the same kind of bed as that 
described in the Winkler patent and properly characterized 
by the Board as a bed in which substantially stationary 
vibrating partides are used? 

With respect to the Winkler et al patent, the Board erf 
Appeals stated: 

^^The size of grains mentioned in Winkler d: al is 
raiding from dust particles to 10 milimeters. This 
is the same general rai^ as recommended by 
appdlants.” 

Attenikm is directed to the fact that the broadest of ap¬ 
plicants’ claims specify that Ihe major portion of the findy 
divided material passes 100 mesh and some of the claims 
specify that oU the finely divided material passes 100 mesh. 
A 10 mrm- particle is about 70 times as large as a 100 mesh 
particle (.006 in.). It is thought to be apparent from the 
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disclosure of WinMer et al that the hulk of their divided 
material is of the order of magnitude of 10 mins. 

[F/H p. 376] In their Brief on Appeal applicants sug¬ 
gested that the nature of the material in Winkler et aPs bed 
is more reliably indicated by the nature of the material 
withdrawn from the bed than by the material fed to the 
gasification plant. The Board has taken issue with appli¬ 
cants ’ position, stating: 

“The statement concerning pieces of ash of the size 
of hazel nuts is in support of the statement that no 
material amount of slagging takes place. The slag¬ 
ging referred to is of course a coalescence of the 
particles of ash resulting from the heat of combus¬ 
tion.’^ 

Applicants wish to point out that, whether or not slagging 
takes place, the fact that the ash removed contains “only 
quite small pieces of the size of hazel nuts” establishes 
definitely that material of this size is in the patentees’ bed. 
This is quite consistent with the size range which the 
patentees specify for the feed. 10 mms. is about which 
is not far removed from hazel nut size. The patentees do 
not say how the sizes are distributed in the feed so that it 
is quite conceivable that the bulk of the material could be 
about 10 mms. Further considerations wiU show that. If 
the patentees are to be credited with having a bed, it must 
be composed of material of this general order of magnitude. 

It is thought that in considering this reference the Board 
may have given insufficient consideration to the limitation 
in each of ^e claims that solid material is fed continuously 
to the contacting zone at a rate sufficient to maintain therein 
a [F/H p. 377] suspension containing at least 6.6% by 
volume of solid. Winkler et al state in Example 1 that in 
an hour’s operation 935 kilograms of coal are fed to the 
contacting zone. A conventional continuous feed mechanism 
is illustrated so that it may be properly assumed that this 
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represents a solid feed rate of about 33 Ibs./minute which 
in turn represents about 3.3 Ibs./sq. ft. of reactor cross sec¬ 
tion per minute, (diam. 1.1 meters) 

Figures 1 and 2 of applicants’ drawing show the rela¬ 
tionship between loading in the contacting zone and solid 
feed rate at ditferent gas velocities. At the velocity calcu- 
r lated for Winkler in Example 1 (about 4 ft./second), it will 
be seen by reference to Fig. 2 that the loading in the con¬ 
tacting zone at the solid feed rate disclosed by Winkler 
would be practically zero if it be assumed that Winkler was 
using particles of the size expressed in applicants’ claims. 
Even at applicants’ optimum velocity of 1.5 ft./second it 
will be seen by reference to Fig. 1 that the solid feed rate 
disclosed by Winkler would produce a loading in the con¬ 
tacting zone of substantially zero if particles of the sizes 
claimed by applicants were utih’zed. 

One urging this Winkler et al patent as an anticipation 
of applicants’ claims, therefore, finds himself in this 
dilemma. If he contends that Winkjer discloses the utiliza¬ 
tion of particles within the range specified by applicants, it 
follows that Winkler does not satisfy that step of appli¬ 
cants’ claims which requires a solid feed rate suflBcient to 
maintain in the contacting zone a suspension containing at 
least 6.6% by volume of solid. If, on the other hand, he 
contends that Winkler et al [F/H p. 378] have a dense bed, 
as seems to be indicated by the patentees, it follows that 
Winkler et al must have been utilizing solids of a much 
larger size than those specified in applicants’ claims. This 
last interpretation is bolstered by the fact that the only 
specific size mentioned by the patentees is 10 mms. and the 
fact that the patentees refer to material withdrawn from 
the bed as containing “only quite small pieces of the size 
of hazel nuts”. It is submitted that every scrap of definite 
information in the patent renders inescapable the conclu¬ 
sion that the patentees were not concerned with the use of 
finely divided materials “the major portion of which passes 
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100 mesh.’’ In this connection the following statement by 
Warren K. Lewis in his aflSdavit of record is pertinent: 

“That because of his familiarity with operations 
of this type he is able to say that, if the patentees 
produce a dense bed at the velocities indicated and 
with the feed rate of solid indicated, it is clear that 
they have reference to the employment of material 
of much larger particle size than that contemplated 
in the process of Serial No. 544,896”. 

Before leaving this patent it is deemed advisable to com¬ 
ment on the Board’s mention of the fact that the Examiner 
proposes a pressure correction which, according to the 
Examiner, will place the calculated gas velocity of Winkler 
et al within the claimed range. An examination of the 
Winkler et al drawing shows that the system is operated 
substantially at atmospheric pressure. This follows from 
the fact that the drop leg from vessel 16 is immersed in an 
ordinary water seal opened to the atmosphere. 

[F/H p. 3793 The Examiner raised this point in his 
reply brief and seemed to be influenced by the fact that 
high pressure steam is injected through tube 29. The 
Examiner apparently overlooked the fact that pipe 29 is 
part of an injector and that an injector functions by virtue 
of a drastic expansion of the injection gas, that is, a large 
drop in pressure. Actually, the only pressure at the inlet 
of the Winkler apparatus is that required to satisfy the 
pressure drop in the system and this can be shown to be 
much less than about 2 lbs./sq. in. Thus, the pressure cor¬ 
rection would make no appreciable difference in the calcu¬ 
lated velocity. 

A reference to the Lewis affidavit shows that the affiant, 
in calculating the velocity, took values from the patent 
disclosure which would tend to give the lowest calculated 
velocity. First of all he used dry gas as the basis for his 
gas volumes although it is well known that a substantial 
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percentage of the gas leaving the reactor wonld be steam 
and that if taken into account it wonld appreciably increase 
the gas velocity thru the reactor. Again, the affiant used 
the lowest temperature given by the patentee as an oper¬ 
ating temperature whereas he might have used the highest 
temperature or an average of the two, in either of which 
cases his calculated velocity would have been higher. Also 
he used 300® C. as standard temperature whereas in con¬ 
formity with German practice he could properly have used 
273° C. which again would have increased his calculated 
velocity. 

Hupphe 

It is believed that the Board of Appeals answered in 
the negative the question of whether or not the disclosure 
of Huppke [F/H p. 380] negatives novelty in applicants’ 
claims by pointing out that Huppke’s disclosure applied 
to particulate solids in a much finer form than that con¬ 
templated by appellants”. The Board seemed to attadi 
undue significance to the patentee’s mere recognition of 
the existence of the law of gravity in his statement that 
the gas velocity might be such that there is a tendency of 
the catalyst to settle substantially with respect to the mov¬ 
ing gas. The Board stated: 

“It appears to us that the phenomena of settling 
referred to by Huppke would be impossible to attain 
if Stokes’ Law applied directly to such a system.” 

This position by the Board is difficult to understand 
because the very phenomenon that Stokes dealt with was 
the settling of finely divided solids in fluid. For example, 
in the affidavit of Gaudin before the Board of Appeals it 
is pointed out on page 4 that one can calculate in a dust-gas 
system the loading in the contacting zone predictable from 
Stokes’ Law by taking into account the gas velocity and 
the maximum free falling velodty of the suspended par- 
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tides. From the equations given by G^andin it is perfectly 
clear that this loading, varies inversely as the difference 
between the upward velocity of the fluid and the slip veloc¬ 
ity of the solid In Exhibit 1 before the Board of Appeals 
it is shown that in accordance with Stokes’ Law the loading 
of solid in the contacting zone increases as the gas velocity 
decreases. This is all that Huppke suggests. 

It is clear from the foregoing that Huppke, instead of 
referring to something impossible under Stokes’ Law, was 
really merely stating Stokes’ Law in descriptive terms. 
What Huppke [F/H p. 381] actually said was: 

<<This rate of gas flow might he such that there is a 
tendency of the catalyst to settle substantially with 
respect to the moving gas so that there is a relatively 
long period of treatment, or it may he more rapid 
so that the gas and catalyst are carried through in 
a much shorter length of time.” 

Carpenter and Tyler 

t 

It is believed to be clear from the bottom of page 7 of 
the Board’s decision that the Board did not consider Car¬ 
penter anticipatory. The Board’s position on Tyler, how¬ 
ever, is thought to require some clarification. On page 5 of 
the decision the Board seemed to accept the Examiner ’s 
evaluation of Tyler although the Board did not include 
Tyler in its summary on page 8. 

In its discussion of Tyler on page 5 the Board stated: 

“We are of the opinion that it would be a matter 
• of mere experimentation to determine a gas velocity 
which would sufficiently carry the solids through the 
treating zone at such a rate of speed as to attain 
adequate time of contact.” 

This statement does not take into account Tyler’s own 
careful differentiation between fluidi^tion' of the solid 
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by a gas and carrying the solid along in suspension in the 
gas. Tyler said: 

**Suspension of the solid particles in the fluid is not 
necessarily a part of such fluidizing action; the finely 
divided solid may be fluidized—the mixture made 
free flowing—^by use of a much smaller proportion 
of fluid—^gas, in this case—than is necessary if the 
solid is to be carried or blown along in suspension.’* 

[F/H p. 382] When Tyler attributes to the gas the func¬ 
tion of causing or contributing to movement of the fluidized 
mixture, he has reference, not to a carrying effect, but to 
a volume displacement effect (see page 36 applicants’ Brief 
on Appeal). 

It is believed that the Board recognized the significance 
of the point, made on page 34 of applicants’ Brief on Ap¬ 
peal, that Tyler’s objective is to process the maTimTiTu 
quantity of solid with the minimum quantity of gas in 
contradistinction to applicants’ purpose of processing 
TuaYiTnnTn quantities of gasiform material Further, it is 
believed that the Board recognized that Tyler could not 
possibly be used to negative novelty in those claims which 
are directed to catalytic cracking of oiL It is thought to be 
apparent, however, that clarification of the Board’s posi¬ 
tion with respect to the Tyler patent would be desirable. 

Particle Size 

The broadest of applicants’ claims on appeal require 
that the major portion of the particles employed in ^he 
process passes 100 mesh. Certain of the claims require 
that all of the particles pass 100 mesh. Each of the claims 
also requires that particles between 200 and 400 mesh be 
included. These limitations find proper support in appli¬ 
cants’ disclosure. They find no response in any of the 
references of record. 




Applicants* original disclosnre clearly reflects the im¬ 
portance of particle size. It also emphasizes the desirabil¬ 
ity of utilizing particles of mixed sizes within the range, 
specified. 

£F/H p. 383] Beginning on page 2 of the specification 
applicants discuss the operation in which gas is blown up¬ 
wardly through a substantially stationary bed of particu¬ 
late solids in such a way as to convert the bed ‘‘into a 
kind of quicksand, with the surface of the solid mass having 
the appearance of a boiling liquid**. (See Odell). On page 
3 they point out that this procedure has the limitation that, 
if the gas velocity is increased to increase the gas treating 
capacity of the reactor, the particles must be made larger, 
thereby defeating the objective of providing large surface 
area of particles per unit volume of the reactor. They also 
point out that this operation “almost necessitates the use 
of granules of substantially uniform particle size**. (See 
OdeU) 

Beginning at the middle of page 4 applicants discuss the I 

type of operation in which the particles are carried through | 

the reactor in the gas stream. At the bottom of page 5 they ! 

state: I 

1 

“ (2) This method of operation results in a segre- I 

gation of the particles of varying size in the feed I 

which is far more serious than that in the ‘liquid | 

phase* type of operation discussed above. The fine 
particles blow through very rapidly, whereas the 
coarse ones lag behind and stay in the reaction | 
chamber a much longer time. This is exactly opposite I 

to what is desired, since the fine particles have the | 
larger area per unit volume. * * | 

I 

(See Huppke 2,231,424, column 1, page 2—^“The catalyst I 

preferably should be uniform in size to insure uniform | 

travel and avoid tendencies of larger particles to settle ! 

out.** (lines 54-57)). | 

I 

I 
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V Having thus emphasized the inadaptability of prior art 
processes to particles of mixed sizes, applicants«make the 
following statement with regard to their own process: (top 
of pg 9) 

[F/H p. 384J ‘*(5) Operation nnder this con¬ 
dition minimizes segregation of fine particles from 
coarse in the suspended granular mass. Apparently 
the coarse particles act as a sort of filter for the 
fines, holding them back and slowing up their ej^ 
tion from the reactor in the gas stream. G^s 
greatly helps effective utilization of the fine particles 
in reaction.** (underscoring added) 

The clear implication in this statement is that, in order to 
realize effective utilization of the finer material, the pres¬ 
ence of coarser material is necessary. The data presented 
in applicants’ specification showing the attainment of unex¬ 
pected loadings in the contacting zone were obtained mth 
finely divided material “of widely varying size”. There is 
no suggestion in applicants’ specification that the s^e 
results can be obtained by using particles of uniform size. 
There is no suggestion in any of the references of record 
that the same results can be obtained by using particles of 
uniform size. It is submitted, therefore, that, on' the basis 
of this record, the limitations in applicants’ claims as to 
particle size range and the presence of particles of different 
sizes must be considered material limitations going to the 
essence of this invention. As such, these limitations, find¬ 
ing no response in the prior art, should impart patentability 
to applicants’ claims. 

An important fact to consider in connection with, appli¬ 
cants’ claims is that the limitation to the use of particles 
of different sizes is not imposed by the prior art. There 
is no prior. x>atent which discloses contacting uniformly 
sized particles between 200 and 400 mesh with an upflowing 
gas stream having a velocity within [P/H p. 385] the range. 
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specified in applicants’ claims while continnonsly feeding 
to the contacting zone finely divided particles at the rate 
specified in applicants’claims. In short, applicants’claims 
would be just as patentable over the prior art were they so 
worded as to include the utilization of uniformly sized 
particles between 200 and 400 mesh. The limitation that 
particles of different sizes are to be used was voluntarily 
inserted by applicants because it was with particles of 
mixed sizes that applicants obtained the unexpcted result 
demonstrated in their application. If similar results can 
be obtained with particles of uniform size within the range 
specified, the art will not be foreclosed from the enjoyment 
of that result by the allowance of applicants’ claims. 

Solid Feed Rate 

ClQsely allied with the particle size range and the 
presence of particles of mixed sizes is the rate of solid feed 
to the contacting zone. The importance of this step in each 
of applicants’ claims is emphasized on page 10 of appli¬ 
cants’ disclosure. Here applicants show that when a bed 
of particles of different sizes within the range claimed is 
blown with gas at low velocity the bed is quickly carried 
away, with segregation of the finer particles. They then 
show that if clay is continuously fed to the bed at a specified 
rate the bed can be blown with gas at a much higher 
velocity without any substantial segregation of fine par¬ 
ticles from coarse ones occurring.- As a consequence, a 
high concentration of clay is maintained continuously in 
the bed. 

[F /H p. 386] The importance of this disclosure is the 
close interlinking of solid feed rate with avoidance of segre¬ 
gation when particles of mixed sizes within the size range 
claimed are employed. No hint of this relationship is to be 
found in the prior art. Therefore applicants’ showing of 
unexpected result, based upon the conjoint employment of, 
these operating factors while maintaining the gas velocity 
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within the specified range, should be accorded decisive 
weight on the question of the patentability of- claims, in 
which these operating factors are recited, over prior art in 
which this association of operating factors cannot be found 

Gas Velocity 
\ 

Each of applicants’ claims recites a gas velocity between 
0.3 and 2.3 ft./second. Previously, the velocity range ex¬ 
pressed in the claims was 0.3 to 7.8 ft./second Applicants 
did not recommend velocities over the wide range but merely 
gave data showing the results at different velocities and 
let the data speak for themselves. They did indicate that 
about 1.5 ft./second is optimum by pointing out at the 
bottom of page 10 that at higher velocities high solid con¬ 
centrations can be maintained in the contacting zone only 
by very greatly increasing the solid feed rate. The curves 
based on applicants’ data given in Exhibits 2-7 also indicate 
1.5 ft./second to be optimum. 

As far as the prior art is concerned, it makes little 
difference whether applicants’ velocity is expressed as 
between 0.3 and 7.8 ft./second or as between 0.3 and 2.3 
ft./second. Huppke [F/H p. 387^ and Muller state no 
specific velocity at alL The only specific velocity given by 
Odell is within the narrow range. The velocity in Winkler 
et aL is a matter of speculation, applicants’ showing by con¬ 
servative estimate that it is above 4 ft./second. The distinc¬ 
tion asserted over Winkler et al., however, is that either they 
do not use particles within the range specified in appli¬ 
cants’ claims or they do not satisfy the solid feed rate 
expressed in applicants’ claims. Thus, it has been shown 
that, if Winkler et al. be assumed to be employing particles 
within applicants’ range, they do not satisfy the solid feed 
rate specified in applicants’ claims even if their gas velocity 
be assumed to be 1.5 ft./second, the optimum velocity in 
applicants’ range. 
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When Figure 4, showing a difference in kind in the 
relationship between loading in the contacting zone and gas 
velocity thru said zone above and below 2.3 ft./second 
respectively, was discussed with the Examiner in an oral 
interview, it became evident that, even if the Examiner 
would accept the showing as evidence of patentability, it 
would be only with respect to the limited range velocity in 
which unexpected results are obtained, as shown not only by 
Figure 4 but by Exhibits 2-7. Accordingly, in an effort to 
place the case in condition for allowance, the velocity range 
was limited to conform with the showings (see page 7 amend¬ 
ment dated 9-19-47). 

CF /H p. 388] The critical nature of the narrow range 
of velocity is amply demonstrated by experimental data in 
the record. There are no experimental data of record which 
alter this picture. The picture is not altered by Martinis 
affidavits. 

In his first affidavit Martin stated that experience indi¬ 
cated that the break does occur at different velocities with 
different apparatus but is always within the range of 0.3 to 
7.8 ft./second. This does not say that the break was not 
within the limited range. The affiant used the broad range 
in this statement because that was the range recited in the 
claims at the time. His next statement was that in most 
apparatus the break occurs between 0.5 and 3 ft./secqnd. 
He did not s&j all apparatus in his statement because he 
had not investigated all apparatus. This situation is clari¬ 
fied in Martin’s second affidavit in which he reaffirmed that: 

“In his experience the inflection point occurs at sub¬ 
stantially the velocity indicated in the curves in Fig¬ 
ure 4 when finely divided solids of the size and size 
range of those on which the curves of Figures 1 and 
2 are based.” 

* . .... . ■ • ' . . ■ ‘ 

The situation, therefore, is that applicants voluntarily 
limited their velocity range to make it conform with their 
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showing of unexpected resnlt. Applicants should not be 
penalized for this action because someone might subse¬ 
quently find that the desired results can be realized at a 
substantially [F/H p. 389] higher velocity than the maxi¬ 
mum indicated. If he should so find, he will not be fore¬ 
closed by applicants’ claims from enjoying the fruits of his 
discovery. 

Claims 29,32 and 34 

These claims are directed to the conversion of hydro¬ 
carbons in the presence of a catalyst. Applicants’ showing 
of striking commercial success is in connection with this 
process. Of the prior art relied upon by the Board of Ap¬ 
peals the only patents which mention hydrocarbon conver¬ 
sion are Odell and Huppke. Neither patent discloses the 
employment of particles within the size range specified in 
applicants’ claims. Neither patent satisfies the solid feed 
rate limitation in applicants’ claims. Of the two patents 
only Odell mentions a velocity within the range specified 
in applicants’ but that velocity is not connected by 

Odell to particles of any particular size. Both of these 
patents emphasize the desirability of using particles of 
uniform particle size. Neither patent suggests the claimed 
combination of various operating factors in a single process. 

[F/H p. 390] It is submitted that this is not a situation 
in which evidence of commercial success can be ignored. 
Actually, the patents to Odell and Huppke are so clearly 
inadequate as anticipations of applicants’ claims that no 
showing of commercial success should be required to carry 
these claims over these references. To lend any propriety 
to the ruling of the Board of Appeals on this point practi¬ 
cally all of the limitations in applicants’ claims must be 
ignored. It having been demonstrated above that these 
limitations jointly contribute to the attainment of appli¬ 
cants’ unexpected result, disregard of them cannot be justi¬ 
fied on the record. 



Request for Reconsideration 
CoNGLXTSIOir 

Applicants have made a notable and valnable contribn- 
tion to the field of Chemical Engineering. This contribu¬ 
tion has received widespread recognition and adoption, 
particularly in the field of catalytic cracking of petrolemn. 

The esteblished mle is that reasonable donbts on the 
qnestion of patentability should be resolved in favor of the 
applicants. In other words, applicants need not establish 
patentability beyond a reasonable donbt Bather, anticipa¬ 
tion beyond a reasonable donbt must be established; This 
can hardly be said to have been done when there is no prior 
reference upon whidli applicants’ claims can be read. 

Those limitations in applicants’ claims whidi cannot be 
found in the prior art are material to and contribute con¬ 
jointly to a unique result. Applicants submit that unless 
these limita- [F/H p. 3913 tions can be found, in combina¬ 
tion, in a prior art reference, there is prima fade a reason¬ 
able doubt that the combination of limitations is antidpated. 
On the basis of the showing made in this record, that doubt 
should be resolved in applicants’ favor. 

It has been demonstrated in the foregoing discussion 
tiiat there is no proper basis in this record for the ruli^ of 
the Board of Appeals that applicants’ claims lack novelty. 
It follows that there is no justification in the record for the 
Board’s refusal to lend due weight to applicants’ showings 
of unexpected result and commercial success. Accordingly, 
the Board of Appeals is urged- to reconsider its ruling on 
applicants’ claims in the light of these showings and the 
foregoing discussion. 

BespectfuUy submitted, 

P. J. Whelast 
Attorney for Applicants 
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sidoration Dated July 15,1948 

[F/H p. 392] 

Petitioners direct attention to the statement in onr deci¬ 
sion of May 27, 1948, the substance of which is that the 
presently claimed process lacks novelty. They then refer 
to a technical definition of novelty which requires the antici¬ 
pating art to disclose the subject matter in substantially the 
terms claimed. In our view, the substance of the subject 
matter claimed is shown in the prior art, though perhaps 
not in the exact literal terms employed in the claims. 

The Petitioners discuss our holdings to the effect that 
the Winkler patent and the Degnen patent illustrated the 
two extremes with respect to gas velocity, while the Muller 
et aL, Odell, Winkler et al. and Huppke processes fell 
between these two extremes and in the region occupied by 
[P/H p. 393] appellants’ claimed process. The Petitioners 
then discuss the specific details of each of the last mentioned 
patents in connection with the details of the claims. There 
are asserted to be differences between the particular proc¬ 
esses as recommended by each of the references and the 
claims here on appeal, and particularly the more limited of 
sudi claims. 

With respect to the particle size, it is still contended that 
Winkler et al. do not disclose the same particle size as 
called for by the claims. Certain of the claims call for a 
major portion of the particles passing 100 mesh and others 
require that all of the particles pass J.OO mesh. Nothing 
in the record of the case justifies a conclusion that the re¬ 
quirement, that all particles pass 100 mesh, is of critical 
importance. While the exact screen analysis of Winkler 
et aL’s material is not determinable, we are still of the 
opinion that the statement from “dust particles to 10 milli- 
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meters^' is in the same general range as contemplated by 
appellants, and as defined in the broader claims. Odell 
prefers to have the particle size approximately nniform. 
There is nothing in the present record justifying a con¬ 
clusion that the use of particles of materially different sizes 
produces any significant advantages. 

With respect to the velocity of the gases, there is some 
discussion of the limitations embodied in the claims. These 
limitations are critical only for a particular form and size 
of apparatus. The broader limits of the original descrip¬ 
tion must be taken as representing what appellants consider 
the operative range. We do not think the evidence in 
the case justifies a conclusion that the more restricted 
£F/H p. 394J range of the claims with respect to velocity 
is of patentable significance over the broader range origi¬ 
nally disclosed. 

There is also some discussion of the rate of feed of solid 
particles. This rate determines the density of loading in the 
reactor. The Examiner has shown that densities in the 
range claimed are old in the particular art to which this 
application relates. We are accordingly still of the opinion 
that this factor does not lend patentable novelty to the 
claims. 

The Petitioners also direct our attention particularly to 
claims 29, 32 and 34 as restricted to hydrocarbon con¬ 
versions. It is asserted that only two of the references 
mention this particular reaction. Hydrocarbon conversion 
is mentioned as a specific chemical process to which the 
physical expedients defined in the claims are adapted. We 
are unable to find in the record any justification for con¬ 
cluding that such physical expedients are more significant 
when used in this particular process than in any other 
analogous process. 
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The petition has been considered bnt is denied in respect 
to making any change in onr decision. 

F. J. Porter 
Examiner-in-Chief 

E. W. Gexiesse 
Examiner-in-Chief 

C. F. Biakely 
Examiner-in-Chief 
(Acting) 

July 15,1948 

Mr. P. L. Yoxtng 
Em. 436, 42 Broadway 
New York, N. Y. 
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of which are ffled herewith for the convenience of the Oonzt. 


IMs is an appeal nnder Title 28 TJ. S. C. 1291 from 
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May 18,1951 (B. A. 272), within sixty days from entry of 
Jndgment, as provided in Bnle 73(a) of the Boles of Cfivil 
Procednre, the appellee being an officer of the United 
States. 
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STATEMENT OF THE CASE 
THE INVENTION IN SUIT. 

The Invention has Satisfied an Old and Eecognizbd Want. 

As stated in the opening paragraph of the specification— 

“This invention relates to an improved method 
and apparatus for the treatment of gaseous fluids 
with solid materials and more particularly to a 
method and apparatus adapted for the conversion of 
hydrocarbon oils in the presence of solid catalysts.’’ 

The art of contacting gases with solids is very old. But 
for more than a decade prior to the invention in suit the 
problem of improving their interfacial contact to promote 
chemical reaction between them or conversion of the gases 
by catalytic action of the solids had received increasing 
attention. 

One proposal, known in this case as Eegime 1, involved 
blowing the gas through a substantially stationary bed of 
particles at such velocity as to “fluidize” the mass v^ithout 
blowing away the particles. As described in the Odell 
patent No. 1,984,380 (filed in 1929) this is achieved-^ 

“by passing an aeriform fluid upwardly through a 
substantially stationary mass of confined sub¬ 
stantially uidformly sized particles of solid material 
at such a rate that the particles assume limited free¬ 
dom of motion, the whole having physical properties 
similar to those of a boiling liquid. The “pariicles are 
not entrained in the aeriform fluid but are in vibrant 
motion and the turbulent motion of a boiling fluid.” 
(Ex. Bk. p. 34, coL 2, Is. 36-44)* 

The arrangement had serious practical disadvantages. 
Either the gas velocity had to be so low as to ajBPord an 
unsatisfactory throughput of gases or the particle size 
had to be so large as to provide unsatisfactory area of con- 

•Italics ours throughout unless otherwise noted. 
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tact.* Uzidesirable temperatnre differences occurred be¬ 
tween the top and bottom of the bed, as heavier particles 
tended to settle to the bottom while the lighter ones rose to 
the top. 

Another proposal, known in this case as Eegime 2, in¬ 
volved the use of jBne particles entrained in a high velocity 
stream of gas, described as prior art in the Muller patent 
No. 1,810,055, filed in 1928 (Ex. Bk. p. 26, Is. 28-44). 

The great advantage of this Begime 2 operation is in 
the high gas velocity and throughput, but the offsetting dis¬ 
advantages are (1) the extremely low concentration of 
solids in the reaction space so that in practice extremely 
long, tall reaction vessels must be used to get the requisite 
interfacial contact area and capacity, (2) the segregation 
of particles according to size,** and (3) the wide variation 
in temperature as the gas progresses through the reaction 
vessel (Reprint pp. 3-4, A146). 

Appellant’s research engineers had labored with both 
of these Regimes at a cost of nearly three million dollars 
before the problem was solved by the invention in suit 
(A 35). 

Beginning in 1936, appellant began intensive research 
aimed at finding a way to apply some such technique to the 
catalytic cracking of oil (A 20-3). A *‘fixed bed” arrange¬ 
ment was tried first, using catalyst pellets large enough 

*Als stated in applicants’ specification (Reprint p. 2, 
•A144); 

“. . . this inherently defeats one of the major ad¬ 
vantages of the method, Le., the provision of large 
surface area of the particles per unit volume of me 
reactor.” 

••‘‘The fine particles blow through very rapi^y, 
whereas the coarse ones lag behind and stay in the reaction 
chamber a much longer time. This is exactly opposite to 
what is desired, since the fine particles have the larger area 
per unit volume” (Sprint pp. 3-4, A146). 


! 
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and gas velocity low enough to avoid distnrbing the cat¬ 
alyst pellets in the bed. But it proved unsatisfactory in 
results and entirely too complicated in operation (A 21-2). 
The stationary bed of vibrating particles, a la Regime 1, 
was then carefully considered and rejected as offering no 
advantages over the “fixed bed” (A 27-8). 

Tests were made then in the direction of Regime 2, using 
powdered catalyst and high gas velocity. These were 
pressed forward for three years at a cost of over a million 
man hours (A 35). But pilot plant tests showed, to appel¬ 
lant's dismay, that tremendously long pipes were needed in 
the reaction and regeneration sections to permit the required 
interfacial action. To construct a commercial plant unit, 
it was seen that pipes 5 to 6 feet in diameter and 400 feet 
long would be needed in the reaction zone and 2^ to 6 feet 
in diameter and 2000 feet long in the regeneration zone 
(A 26-9). 

The whole program in that direction was abandoned in 
1940 when tests of applicants^ process showed its astonish¬ 
ing simplicity and effectiveness. The pilot plant that had 
been constructed for the dust or coil type operation of 
Regime 2 was rebuilt to embody applicants’ new mode of 
operation (A 29-32). Success was immediate. 

“It worked fine right from the start It was just 
one of those things, as soon as you ran it, you knew 
it was what you were looking for.” (A 32). 

A plant scale unit was promptly designed for cracking 
about 15,000 barrels of oil per stream day—^using precisely 
the factors and proportions called for in the claims in suit 
(A 36-9). The first installation of the process was com¬ 
pleted in 1942 and promptly followed by others; and by the 
end of 1949 “Fluid Catalyst Cracking Plants” having a 
charging stock capacity of over 900,000 barrels per day 
had been built to operate exactly in accordance with appli¬ 
cants ’ process (A 39 and see Ex. Bk. p. 4). 

The invention has literally revolutionized the industry. 




5 

By a New Combination op Old Factobs in New Peopobtions 
THE Invention Has Achieved a New Mode op Opebation. 

The invention in snit is characterized by the particular 
correlation of particle sizes, of gas velocity and of solids 
feed rate specified in the claims in suit, which produces at 
one and the same time in the contacting zone both a dense, 
highly turbulent bed of fine particles mid a gas stream flow¬ 
ing through it at a velocity sufficient to blow the whole mass 
out of the zone, while feeding the particles at a rate which, 
on the basis of prior knowledge, would be expected to 
produce only a dilute suspension {infra, pp. 10-12). The 
genius of the invention lies in achieving this seemingly 
contradictory result (A 29). 

The importance of the invention lies in combining in 
one operation (1) a gas velocity sufficiently high to provide 
practical throughputs for maximum commercial utility, (2) 
a dense bed of very fine particles—^necessary to provide Ihfe 
enormous surface area most desired in contact operations, 
(3) a violent mixing of gas and particles—^necessary for 
uniform contacting and uniform temperature throughout 
the entire bed, and (4) an astonishingly low feed rate of 
solid particles in proportion to the density of the bed— 
necessary for practical as well as economic considerations 
(A 29, 34, 63, 72-4). 

The dense bed is characterized by a violent churning 
of the mixture of gas and fine particles. Due to its turbu¬ 
lence, there is no segregation of the particles by sizes; all 
of them, the coarsest as well as the finest, are constimtly 
rushing up and down and around and about in the con¬ 
tacting zone (A 57). Through the bed the gas is passing 
at a velocity sufficient to blow substantially all of the mix¬ 
ture out of the zone if the feed of solids were cut off. The 
process produces a new and baffling phenomenon by com¬ 
bining the dense bed of Regime 1 and the entrainment veloc¬ 
ity of Regime 2 (A 74,124-5). 

How the invention achieves this result is described in 
the specification. Its most useful and effective limits are 
described in the claims. 
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The Claims in Stnr. 

Claims 26 and 29-34 are in snit. They appear at pages 
22-4 of the Reprint (see also A 217-9). Claim 33 may be 
taken as typical Subdivided into its elements, it rea^ as 
follows: 

33. In a process for contacting a gasiform material 

and a finely divided solid the improvement which com¬ 
prises 

passing gasiform material upwardly at a velocity be¬ 
tween about 0.3 and about 2.3 feet per second 

through a dense body of said solids constituting a con¬ 
tacting zone 

in which said solids are present in particles of 
different sizes, the largest of which are not 
larger than about 10 mesh, which includes 
pai^cles between 200 and 400 mesh and tiie 
major portion of which passes 100 mesh, 

said gasiform material being introduced into said 
zone through an entrance of more restricted cross 
sectional area than said contacting zone, 

continuously removing gasiform material from the 
upper end of said zone, 

continuously removing solids together with gasiform 
material from the upper end of said zone 

and continuously introducing finely divided solids di¬ 
rectly into said zone at a rate sufficient to replace 
solids removed therefrom and maintain said dense 
body as a highly turbulent mixtoe of finely divided 
solids and gasiform material containing at least 
6.6% by volume of said solids, 

the TwiTiiTnnm velocity of gasiform material employed 
within the range given being that sufficient sub¬ 
stantially to empty said contacting zone of solids 
in the absence of continuous solids feed to said 
zone. 

The process consists, in brief, in the use of fine solid 
particles of non-uniform size (ranging from 10 to 400 



mesh, the major portion being less than 100 mesh), pas^g 
the gas npwardly through the mass of particles at a 
velocity not exceeding 2^ feet per second bnt sufficient to 
blow ail of the particles out of the contacting zone if <no 
more were added, and continnonsly adding particles at a 
sufficient rate to maintain a dense tnrbnlent mass contain¬ 
ing at least 6.6% by volume of solids. 


The IiTVENTiON has Achieved a New Besult. 

As compared with Begime 1, the applicants’ process 
has the outstanding advantage that it permits the use of 
finely powdered particles, having immensely greater facial 
area, with relatively hi^ gas velocity and throughput— 
the gas velocity being* suffident to blow all of the particles 
out of the contacting zone in the absence of fresh feed 
(Beprint p. 5, A147). And equally important, the turbu¬ 
lence of the dense bed is so much greater than in Begime 1 
that it is of substantially uniform temperature throughout 
and local overheating or underheating is avoided (id.). 

Thus a better product is assured in larger quantity than 
could be provided by Begime 1 arrangements and without 
the disadvantages i^erent in that Begime (A 27-8). 

As compared with Begime 2, the applicants’ process has 
not only the advantage of temperature uniformity, but an 
astonishing density or concentration of solids in the con¬ 
tacting zone in the presence of a gas velocity that by all 
known rules should make that concentration impossible. 
The phenomenon has stumped the experts (A 74^ 63). They 
cannot explain, or agree on an explanation of that concen¬ 
tration. 

By combining a special size range of particles, a narrow 
range of gas velocities, and a feed rate of fresh particles 
sufficient to maintain a bed density of required concentra¬ 
tion, the applicants hit on a mode of operation having diar- 
acteristics better than either Begime 1 or Begime 2 and 
almost none of their disadvantages. 
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Dr. Murphree, now appellant’s president, bnt then in 
charge of its research, contrasted the operating character¬ 
istics of the process in snit with those of the earlier aban¬ 
doned ‘‘coil type” process of Begime 2 (A 34-5): 

“. . .we got a much higher degree of cracking in 
the modified operation due to the fact that we had 
a better contact of oil vapor and catalyst due to the 
dense catalyst bed and that, of course, was very im¬ 
portant. 

Now, another thing we found was that the tem¬ 
perature in the reactor was essentially uniform 
throughout the dense bed and, that is, a good enough 
mixing of catalyst from top to bottom so that Ihe 
catalyst, itself, the movement of catalyst equalized 
the temperature and that was in contrast to the coil 
reactor where there would be a temperature drop 
due to the fact that cracking absorbs heat and there 
would be a temperature gradient in the reactor in 
the coil case. We also found that the pressure drop 
was quite low in the Lewis and Gilliland type of 
reactor. 

Q. And what practical difference did that make? 
A. Well, that made the problem of transfer of 
catalyst between the cracking and regeneration zones 
much easier because of the low presure drop. I will 
say that, as I mentioned earlier, the unit worked fine 
right from the start. We had a number of visitors 
there and whenever they saw it the first time, they 
all expressed their amazement that it wovXd work.” 

The Invention Extns Coxjnteb to the Teachings op the 
Ast. 

Contrary to anything shown by or predictable from the 
prior art, the particular combination of elements and ad¬ 
justment of gas velocity, particle sizes and feed rate defined 
in the claims, produces a dense, seething mass of gas and* 
solids affording optimum surface action between them and 
temperature uniformity throughout the mass, coupled with 
' a surprisingly high output of treated gas (A 30) and a sur¬ 
prisingly low feed rate of particles (A 72-3). 
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Dr. Murphree described his reaction to the invention 
when it was first reported to him (A 29): 

“The results were very surprising to us. We 
thought we knew something about the physical laws 
back of the carrying power of the gases for solids, 
that is, the concentrations of solids you could expect 
to get particularly in upflowing gases and we were 
quite smi)rised t^t as dense a catalyst bed could 
^ obtained as Dr. Lewis obtained at relatively high 
velocities and at the same time of a very turbulent 
bed, that was one thing that surprised us. 

Another factor in it was that using the principle 
that Dr. Lewis developed, we could get adequate 
contacting of gases and solids, that is, we could get 
enough solids in a vessel of modest size to give us 
the degree of contacting we needed in order to get 
the degree of catalytic cracking tiiat we wanted to 
have in our operations. 

And he said (A 30): 

“We wouldn^t have thought with the velocities Dr. 
Lewis used that you could obtain the concentration 
of powder in a vessel that was obtained.’^ 

Dr. Debye, one of the most learned and respected 
scholars in this art, a Nobel Prize winner in chemistry and 
holder of many honors (A 67-8), put down concisely the 
advantages of the applicants’ invention as follows 
(A 72-3)— 

“Now, in the Lewis and Gilliland mode of oper¬ 
ation, a high bed density of fine particles can be 
combined . . . with a large amount of gas going 
through per unit volume of reaction space and, at 
the same time this is done, having a very low solid 
feed rate. 

Now, this combination offers the advantage of a 
large surface of contact for the reaction, with a 
correspondingly large amount of gas takiTig advan¬ 
tage of it At the same time, me high turbi<tity 
[turbulence, A 203-4] of the motion leads to a very 
violent mixing action in the reacting mass and thiR, 
in turn, produces an extraordinary uniformity of 
temperatoe in all the reaction space.” 
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He qnoted with full approval the following comment on 
the process from a standard 1950 text book on “Colloid 
Chemistry^’ (A 73)— 

“ ‘A rather surprising observation, which rejpre- 
sents, in fact, a key point in the experimental basis 
for the wide application of the fluid solids technique, 
is that with pai^cles in this size range fluidized beds 
of high density can be maintained by a very simple 
technique at gas velocities which are many-fold 
higher than the free-fall velocities of the particles 
contained in the bed, as calculated by Stokes’ law 
or its modifications for turbulent settling conditions; 
in effect, at conditions such that the formation of a 
dense bed would have appeared impossible.’ ” 

As to his own reaction when he heard of the invention. 
Dr. Debye said (A 74)— 

“Well, I thought it was an exaggeration, I did not 
really believe it. . . . Then I tried to explain it, I 
tried several times to explain it, but I did not suc¬ 
ceed. So, I am in the position that here there are 
experiments which have definite and clear results 
but, on the other hand, I do not yet know how to 
explain it from first principles, and I do not believe 
that there is anybody else who knows.” 

Dr. Lewis himslf was surprised to obtain such a dense, 
turbulent bed with such a high gas velocity and low catalyst 
feed (A 51). He said that even now the technical men in 
the industry do not agree on their explanations of why the 
process produces the dense bed under the conditions indi¬ 
cated. He cannot agree on the matter even with his joint 
inventor, Dr. Gilliland (A 63). 

The New Results Achieved by the Invention Abb Dub to 
A Cbitical Intbeaction op the Factobs op Gas Velocity, 
Paeticle Size and Solids Feed Bate When Combined in 
Peecisely the Peopoetions Deptned in the Claims. 

This was first established in the series of tests described 
and charted in the application to which we will shortly 
refer. 
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It is confirmed by the history of the practical art which 
tried intensively but failed with other combinations of 
these factors, and succeeded only by correlating them in 
just the manner claimed (A 36-9). 

The witnesses so testified, without contradiction. 

Dr. Debye disagreed with the-Examiner’s statement that 
the desired results may be obtained at velocities above 2.3 
feet per second (A 69). He testified (A 70) that— 

“there is a characteristic, a difference in hind be¬ 
tween working below 2.3 feet per second and working 
above 2.3 feet per second. 

He said that even with the proper gas velocity it is im¬ 
possible to achieve the applicants’ result without the proper 
particle size and solids feed rate (A 74), adding— 

** There three things are all interlocked and they 
have to he adjusted to each other.” 

Dr. Lewis pointed out from his own experience that 
it is essential to use fine particles of different sizes within 
the size range defined m the claims. Even with the right 
gas velocity and the right feed rate, large particles alone, 
ranging from 4 to 12 mesh,— 

“just woxild not work . . . you have to have fine 
- particles or you just don’t get this effect of highly 
abnormal concentration build-ups in the reactor and 
a high degree of turbulence.” (A 54) 

He pointed out that with particles of the right size and 
gas velocity ranging upward from three-tenths of a foot 
per second,— 

“ . . .we found that as the gas velocities went 
higher, we had a range in whim we could get cm 
extraordinarily satisfactory buildup of powder con¬ 
centration in the bed, but that when we went too 
high, we began to lose that advantage.” (A 51). 
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Eeferring to the results of his tests, as charted in Figure 
4 (A 203), he said that— 

“ to the left of [Le., below] this gas velocity 
of about 2.3 feet per secon^ there is a factor or 
factors operating to determine the reactor loading 
which differ in kind from the factors controlling it 
to the right of [Le., above] that point’^ (A 61) 

He testified that the feed rate had to be adequate to 
maintain the desired bed density, as illustrated in the test 
figures in the specification; that the gas velocity had to be 
high enough relative to the particle size to blow the parti¬ 
cles quite completely out of the bed if the feed were shut 
off, and that— 

These conditions I have mentioned are completely 
mutually interdependent and if you violate any one 
of themy you lose the condition of turbulent bed 
density.” (A 56) 

The resulting bed has a turbulence unlike anything 
realizable in Eeghne 1 (A 55) and a density and back 
Tnivi-ng of particles from top to bottom unlike anything 
realizable in Regime 2 (A 57). 

This testimony stands undisputed. It is backed by the 
reputation of two of the most honored and experienced 
scholars in this art It is established beyond dispute by 
the eager acceptance of just this critical combination by 
the practical art—^where the best that others could offer 
had been tried and rejected. 

The Invention Har Peoved Useful and Successful in a 
High Deobee. 

The commercial operation of applicants’ process is well 
described in the extract from “The Lamp”, Pltf’s. Ex. 7, 
pages 5-7 of the Exhibit Book: 

“From its standpipe, the hot catalyst powder, 
then at a temperature of between 1000° and 1200° 
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Falirenlieit, pours into the incoming stream of vapor¬ 
ized oil at the prodigious rate of a boxcar load every 
minute. The vapor thus enters the reactor as a 
cloudy white mass in which every molecule of the 
vapor is in contact with some particle of the catalyst 
powder. 

The cracking reaction reaches its height in ^e 
bubbling and boiling mass of catalyst powder which. 
fills two-thirds of the reactor. The vapor forces its 
way up through this dense mass of catalyst powder, 
throwing the whole mass into violent agjltation and 
producing the veritable cyclone in the cylinder which 
is characteristic of the Fluid process. The incoming 
vapor forces the fresh white catalyst in at the bot¬ 
tom of the mass, and the cracked vapors, laden with 
clouds of blackened catalyst from the top of the mass, 
swirl into the big outgoing pipeline at the top of the 
reactor. 

Just after they leave the reactor, the cracked 
vapors enter a separator where their burden of 
fouled catalyst drops out and falls into the regener¬ 
ator to be burned clean at temperatures between 
1000® and 1200°. The white reactivated catalyst is 
then cycled back to its standpipe, and this continuous 
circulation, a kind of perpetual motion, summarizes 
the mechanics of the Fluid process. . . . Meanwhile, 
the clean cracked vapors pursue their separate 
course to the fractionating tower where their high 
octane components are distilled off and condensed.” 

There are now well over 60 plants in operation with a 
charging capacity of over a million daily barrels of oil, all 
embodying every feature of the claims here iii issue 
(A 36-9). 

In addition to this high tribute to its utility, the process 
has been applied, outside of the oil industry, in synthetic 
fuel manufacture from coal or natural gas and is being 
applied to ore reduction and other uses (A 41). 
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THE APPLICATION IN SUIT. 

The application was filed July 14,1944 as a true division 
of applicants^ original application filed January 3, 1940 
(Reprint p. 21, A161). 

After defining the special field of the invention (Reprint 
p. 1, A143) and describing the advantages and disadvant¬ 
ages of Regime 1 (Reprint pp. 1-2, A143-5) and Regime 2 
(Reprint pp. 2-4, A145-6), the discovery is described in 
general terms as follows (Reprint pp. 4-5, A147)— 

“It has now been discovered that by proper con¬ 
trol of the operation of a unit of this general type, 
one can secure in large degree the advantages of both 
types of operation just described, and at the same 
time eliminate or greatly reduce the disadvantages. 
If one will operate at a gas velocity sufficient to blow 
all or subst^tially all of the solid material out of the 
reactor in a relatively short time, provided no fresh 
solid material be introduced during this time, but 
will feed into the reactor simultaneously solid ma¬ 
terial at a sufficiently high rate, one can maintain in 
the reactor a high concentration of solid granules 
approaching that of the ‘liquid state^ described above, 
and yet be blowing the soHd particles out the top of 
the reactor at a corresponding rate. In other words, 
operating conditions i^ould be used in which solid 
concentrations approach those of a mobile ‘liquid’ 
mass condition, but gas velocities are sufficient to 
carry all soHd particles overhead in the gas stream.” 

Following a recital of the practical advantages of this 
discovery over Regimes 1 and 2 (Reprint pp. 5-6, A147-9), 
all of which is solidly confirmed by the history of the trials 
and failures of the art to which we have referred, the 
application then describes the specific conditions suit¬ 
able for carrying out the invention by reference to a 
^‘series of tests” and supporting Figures 1-3 (Reprint 
pp. 6-9, A149-150, 206-8). The description of these tests 
was later amplified by amendment (A 206-8) and by an 
added Figure 4 (see flyleaf of Reprint and A 203) but 
nothing was thereby added to the disclosure beyond em- 
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phasis on what had been originally described (A 60, 69-70), 
and it is expressly admitted by appellee that there was no 
addition of new matter.* 

The reports of these tests show the different densities or 
concentrations of solid particles in the reactor resulting 
from different velocities and solids feed rates within the 
narrow range defined in the claims in suit, and also beyond 
it through what is referred to by the solicitor as the “broad 
rangeBut the very same data shows the practical im¬ 
portance of operating within the narrow range in sharp 
contrast with operations in the broad range outside those 
limits. (See Reprint pp. 8-9, A 206-8). 

The claims originally filed and for some time urged in 
the application covered the broad range of gas velocities 
and feed rates of solids used in the tests (viz. A161-2, 
169, 204). There was ground for so doing since the test 
data itself showed that there was an unexpected relation¬ 
ship between the gas velocity and the density of the gas- 
solids mixture in the catalyst zone over the entire broad 
range of gas velocity (see Chart entitled “Exhibit 2” at 
A186 and affidavit as to its derivation from the test data, 
A 235-8). Yet that same Chart shows that the unexpected 
relationship is of an entirely different magnitude when 

• We quote from a colloquy between appellee’s solicitor 
and the court below (A 18): 

“The Court: What is your first point, that the 
claims were not supported by the applications, or 
are not in accordance with the applications. 

Mr. Moore: No, I don’t say there is any question 
of new matter. Your Honor. I say that tiiey are 
taken out of the midst of figures which have no 
critical importance. 

The Court: They are not as broad as the applica¬ 
tion? 

Mr. Moore: They are narrower than the applica¬ 
tion. They insist, as I see it, that there is some critical 
importance to a range that is included in the broad 
range specified in the application as filed.” 
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operating within the narrow range of the claims in snit 
(i.e., 0.3 to 2.3 feet per second) from that which resnlts 
when operating at gas velocities over the remainder of the 
broad range originally claimed (i.e., 2.3 to 7.8 feet per 
second). 

The specification as amended refers to the “sharp 
change in the relationship ... at abont 2.3 feet per second” 
(Reprint p. 9, A 207), and the evidence given at the trial 
as to its criticality was nndispnted, as we have shown 
{supra, pp. 11-12). 

Returning now to the description of the tests in the 
specification, the particles used in each test were of the 
same size range, but the gas velocities and solids feed 
rates were varied, and the data reported give the concen¬ 
tration or density of the gas-solids mixture in the contact¬ 
ing zone for the various velocities and feed rates employed. 
The relation between these gas velocities and feed rates 
and concentrations of solids in the contacting zone is stated 
in the original text and illustrated in the original figures 
(Figs. 1 and 2 annexed to the Reprint, A 166a and b). 

The gas velocities reported are 0.3 ft/sec., 0.51ft/sec., 
0.99 ft/sec-, 1.46 ft/sec., 2.29 ft/sec., 5.0 ft/sec., and 7.8 
ft/sec. Each test in which the gas velocity was above 0.3 
ft/sec., is described as showing that: 

“... this clay powder will be overflowing out of the 
top of the chamber continuously at the rate at which 
it IS fed into it and under these conditions of steady 
flow and high clay concentration the segregation of 
fine particles from coarse ones is negligible.” (Re¬ 
print p. 7, A149-150). 

The particle sizes and size range used in the tests are 
thus described in the specification: 

“This clay powder contained particles of widely 
varying size, the finest being very small (below 5 
microns), and also some very coarse particles.” (Re¬ 
print pp. 6, 7, A149). 
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‘‘Solid material nsed in the application of this in¬ 
vention to hydrocarbon conversion shonld be in a 
powdered or pnlverized state, the coarsest particles 
preferably passing through a screen of about 10 to 
100 mesh. More finely ground powders are pre¬ 
ferred, the major portion of whi^ passes through 
a screen of 200 or 400 mesh or even finer.” (Reprint 
p. 11, A152) 

“While catalyst particles as large as 10 mesh or 
larger may be used, much smaller sizes are preferred 
and the catalyst is preferably ground to a fine powder 
having a particle size from 200 to 400 standard mesh 
or even finer.” (Reprint p. 13, A154) 

The feed rates of solid, as reported, vary from 10 to 
3800 pounds per minute per square foot. (Reprint pp. 7-8, 
A149-150) The rate of feed necessary to maintain, at 
each increment of gas velocity, a density or concentration 
of solid particles in the mixture equal to 10 lbs. per cubic 
foot (i.e., 6.6% of solids by volume—see A 59) is described 
in the original specification. (Reprint pp. 7-8, A150) 

The striking thing about these tests is the “difference 
in kind” of operation which they demonstrate, depending 
upon whether the gas velocity is above or below 2.3 feet 
per second. This is particularly emphasized in the para¬ 
graphs added to the specification by amendment (A 206-8) 
and in the added Fig. 4 (A 203), all of which are predicated 
however on the original disclosure as explained in the text. 

' (Reprint p. 8, A 206-7) 

By pulling out the flyleaf at the end of the Reprint the 
Court may consider Figure 4 in connection with the para¬ 
graph beginning at the middle of page 9 of the Reprint 
(A207-8), which reads as follows: 

“It will be observed there is a sharp change in 
the relationship between solid loading in the con¬ 
tacting zone and gas velocity through the contacting 
zone at about 2.3 feet per second. To the right of 
this break solid loading in the reactor is primarily 
a function of the solid loading in the feed and to the 
left of this break solid loading in the contacting zone 
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is primarily a function of gas velocity through the 
contacting zone. In other words, in this rerion [at 
gas velocities less than 2.3 feet per second] solid 
loading in the contacting zone changes rapidly with 
the velocity and only to a minor degree witii solid 
loading in the feed. In this region, however, the 
gas velocity is sufficient to impart extreme turbulence 
to particles of the order of magnitude hereto speci¬ 
fied.” 

Referring to Fig. 4, it will be seen that at gas velocities 
above 2.3 feet per second the lines that indicate the density 
of the gas-solids mixture in the reactor (called the reactor 
solid loading”) are widely separated depending on the rate 
at which the sohd particles are fed into the reactor (the 
‘‘feed loading”). But at gas velocities below 2.3 feet per 
second all these lines turn sharply upward, showing that 
the density at lower gas velocities depends primarily on 
the gas velocity and hardly at all on the rate of feed. Ba a 
wor^ the density of the gas-solids mixture depends pri¬ 
marily on the solids feed rate at gas velocities above 2.3 
ft/sec. and primarily on the gas velocity at velocities below 
2.3 ft/sec. The unexpected consequence is that in the range 
of .3 to 2.3 feet per second, high density can be maintained 
in the reaction zone with relatively low feed rate of solids. 

Thus the original tests and the specification and the 
drawings show a critical significance in using particles of 
the particular size range specified with gas velocities below 
2.3 ft/sec. but high enough to blow those particles out of 
the reactor in the absence of fresh feed, for by so doing one 
can produce with a minimum feed rate a dense, extremely 
turbulent, gas-solids mixture of which the solids constitute 
6.6% or more by volume (Le., 10 lbs. or more per cubic 
foot). 

The practical significance of the phenomenon which the 
application thus discloses is that it provides the specific 
conditions that the art had unsuccessfully been looking for, 
under which gases and finely divided solids may be con¬ 
tacted in a dense, seething mixture to permit maximum sur- 
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face action between the gases and solids with miniTnTiTn 
temperature differential throughout the mass, and at the 
same time to afford large throughput of gases and small 
feed rate of solids. 

The claims are all addressed to this narrow and specific 
combination, which, as shown by the evidence and proved 
by commercial use, involves an unexpected and radically 
important departure from the prior art. 

THE REFERENCE. 

We will consider first those prior intents that are in 
the category of Eegime 1. 

( 1 ) Winkler patent No. 1,913,968 (Ex. Bk. p. 45). 

This patent was relied on by the Examiner (A 224) but 
was distinguished from applicants’ process by the Board 
of .Appeals on the ground that it illustrates an acknowl¬ 
edged prior art process— 

“wherein substantially stationary vibrating parti¬ 
cles are used,” (A 261-2)* 

It is not included in the lists of prior patents relied on 
by the trial court in its findings (A 15-6). We refer to it 
only because the evidence shows that what the Board of 
Appeals found to be true of Winkler is equally true of the 
Winkler et al patent No. 2,111,579, which the trial court 
did include in its findings and which we will discuss below. 

In both of these patents there is (a) a bed of particles 
much larger in size than those called for in the claims in 
suit which is stirred up by the upflowing gases to form a 
**kind of quicksand, with the surface of the solid mass 
having the appearance of a boiling liquid”—^to use the 
language of the application in suit (Beprint, p. 1, A148); 
and (b) above the bed there is a cloud of dust and ash'fiow- 

• This is the Regime 1 process described in the specifi¬ 
cation in suit (Beprint pp. 1-2, A143-5). 


I 







20 


ing upward and out of the vessel at substantially the speed 
of the gases (A 77-8). 

In the lower zone the particles are so large that the gas 
velocity is insufficient to blow them out—contrary to appli- 
cants’ claims (A 78). In the upper zone they are so amall 
and their feed rate so inadequate that they are at once 
blown away. No dense, turbulent mass of fbe particles— 
as applicants^ claims require—^is disclosed or can exist 
anywhere in the operation described (A 79). 

Thus both of these patents miss the very core of appli¬ 
cants’ invention—^a mode of operation which combines in 
one turhvXent hed of high density a mass of fine particles 
and a gas velodty that would Mow them all out of the 
chamber in the absence of fresh feed. 

From the data given by Winkler as to the diameter 
of the reactor, the amount of air supplied and the tempera¬ 
tures maintained, Dr. Debye calculated that the gas velocity 
through the bed is between 4.3 and 4.4 feet per second 
(A 79). The Examiner had calculated the gas velocity to 
be 0.73 feet per second (A 224) or again 3.7 feet per second 
(A 260), but Dr. Debye pointed out that the Examiner’s 
calculations were wrong because he took into accoxmt ‘‘only 
the gas which is pushed into the bed from the outside and 
did not take account of the water gas which is made in 
the bed” (A 79). Since the very purpose of the Winkler 
operation is to produce this water gas from coal, the Exam¬ 
iner’s failure to take it into account shows the fallacy of 
his calculations. 

Dr. Debye’s calculations are unchallenged. They prop¬ 
erly take into account the effect of the temperature and the 
effect of the reaction, on the velocity of the gas at atmos¬ 
pheric pressure, and they properly exclude any changes 
due to superatmospheric pressure for the sound reason 
that the patent contains no suggestion of operation at a 
higher pressure nor any indication of means for maintain¬ 
ing pressure in the apparatus shown (A 79-80). 
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The solid particles which constitute the bed L are 
roughly 100 times larger in diameter, and a million times 
larger in volume, than the particles in the applicants’ 
process which pass a 100 mesh screen (A 81). These par¬ 
ticles are much too large to be blown out at an air velocity 
of 4.4 feet per second (A 80) and hence they move up and 
down in the manner of a boiling liquid until they have been 
reduced to ash and fall through the grate (A 80-82). The 
fine dust contained in the feed is blown out in a dispersed 
phase through the chamber A. There is no dense, turbulent 
mass in the space above the bed (A 79). This is to be 
expected in the light of applicants’ subsequent discovery, 
for the gas velocity is above the critical point of 2.3 feet 
per second and the rate at which the dust particles are 
supplied is wholly inadequate. 

As will be seen from the foregoing, the “liquid bed” 
L is illustrative of Eegime 1, and the dispersed phase in 
the chamber A is illustrative of Regime 2. But nowhere 
in the operation can be found a disclosure of the mode 
of operation or the combination of critical factors defined 
in the claims here in suit The Board of Appeals was 
entirely correct in distinguishing this Winkler patent from 
applicants’ process. 

(2) Winkler et al. pa^tent No, 2^11^79 (Ex. Bk. p. 49). 

The operation disclosed in this patent dijffers only in 
minor details from that shown in the Winkler patent just 
discussed. Here the finely divided solid fuel is fed into 
the side of the gasification chamber A well above the bed 
instead of directly into the bed as in the earlier patent. 
The particles are described as ranging in size from dust 
particles to 5 or 10 millimeters (Ex. Bk. 51, coL 1, line 53, 
and p. 52, coL 2, line 6)—comparable to the dust-to-nut 
size of the particles in the earlier Winkler patent. 

According to Dr. Debye, what happens in the operation 
of this Winkler et ah process is as follows (A 83-4): 

“Q. Now, what do the particles do, when they 
enter ihe chamber? A. WeU, they are combinations 
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of big^r particles and dust, and they have to fall 
throng the opposing gas stream. Now, daring their 
fall through tMs space, the dust is separated from 
the bigger particles, the bigger particles fall into 
the bed and the dust remains at the upper space. 

Q. Eeferring to the bigger particles that fall into 
' the bed, how does their condition thereafter com¬ 
pare with that in the Winkler patent you have just 
been discussing! A. Just the same. 

Q. What becomes of the dust that is carried into 
this device? A. Well, part of the dust is supposed 
to be burned, of course, but another part of it goes 
through tube 12 and enters then into tube 14 and is 
by this tube returned to the reaction space. There is 
the part which has not been reacted. 

Q. Is there any indication in this patent that 
any of tiie dust gets into the stationary jiggling bed 
at the bottom? A. No, no. 

Q. Would you say that this patent shows a sta¬ 
tionary jiggling bed at the bottom and then a sepa¬ 
rate dust cycle overhead? A. That is an exact rep¬ 
resentation of the facts. 

Q. What kind of particles are in the stationary 
bed at the bottom? A. Well, particles which are so 
big that they remain there and make a regime 1 bed 

Q. And how are they removed after they have 
been treated? A. Oh, let me see. They can be taken 
out through 5, where it says ‘Ash.* 

Q. Does this patent specify the velocity of the 
^s passing through the bed at the bottom? A. Well, 
it gives data from which it can be calculated. 

Q. It does not indicate the velocity in terms? A. 
No. 

Q. Have you calculated what the velocity would 
be in this device? A. Yes, I have. 

Q. And what is your conclusion? A. I find it 
is 4.3 to 44 feet per second. 

Q. That is exactly the same as in the earlier 
Winlder yaterdf A. Yes.** 

Only the larger particles fall into the “liquid bed** 8. 
Those particles are all ^ ^rge that they cannot be blown 
out of the bed by the gas velocity of 4.3 to 44 feet per second 
that is employed (A 84> 88). At that velocity the smallest 



23 


particles that would descend to the bed would be those with 
a diameter of % a millimeter or more (A 89). In terms of 
mesh sizes the particles in the bed would be between 2 and 
50 mesh (cf. Fifths. Ex. 1 — Ex. Bk. p. 1). The bed could 
contain no ^^particles between 200 and •^K) mesh and the 
major portion of which passes 100 mesh’^ as required by 
the claims in suit. 

The Board of Appeals was plainly wrong in its assump¬ 
tion that the bed included the dust as well as the larger 
particles (A 260). The trial court repeated the same error 
in its Finding No. 8 (A 13) despite the clear and undisputed 
testimony to the contrary. 

Likewise, as to the gas velocity, the Board of Appeals 
followed the Examiner in assuming that the velocity would 
be within the range here claimed (A 260). The trial court 
merely straddled the question in the same Finding (A 13), 
despite Dr. Debye’s uncontradicted testimony at the trial 
that the Examiner’s calculation was entirely wrong because 
he had left out of account not only the temperature of the 
reaction and the recirculation of the water gas (A 86), but 
had proposed a pressure corerction for which there was no 
justification in the Winkler et al patent. Dr. Debye said 
(A 84): 

“Q. And in Tnaking these calculations, did you 
take into account a change in volume due to tempera¬ 
ture? As Oh, yes. 

Q. Did you include the effect of pressure? A. No. 

Q. Why not? A. Becautse this figure shows even 
more cleaHy than the other case that there could he 
no pressure.” 

Finally, both the Board of Appeals and the trial court 
failed to recognize the complete lack of response in this 
patent to that important step in applicants’ claims— 

‘^continuously introducing finely divided solids . . . 
at a rate sufficient ... to maintain said dense body 
... containing at least 6.6% by volume of solids.” 






24 


The uncontradicted and irrefutable evidence in this case 
shows that, even if applicants’ particle sizes and gas velocity 
were substituted for those of Winkler et al, the feed rate of 
solids prescribed by the Winkler et al patent would be 
insufficient, even under the most exaggerated conditions, to 
produce in the contacting zone a solid suspension containing 
more than a fraction of one per cent of solids. 

Dr. Debye testified that he made calculations from the 
Winkler et al patent, doing everything he could to get the 
density “as high as possible” (A 88): 

“So, what I did, I assumed that the whole feed 
which is going into the instrument, into the apparatus, 
would consist only of dust, so there are no big par¬ 
ticles; secondly, I said, well, let us think that this 
dust which is recirculating and is burned, is burned 
so little that it recirculates ten times before I can 
get rid of it; and then, if I do that, and then if I take 
Sie velocity smaller than the 4.4 feet per second 
which I have calculated, in order to m^e it still 
worse for me, take the velocity of only 2.3 feet per 
second, then I come to the result that, under all these 
exaggerated conditions, I could not get 1 percent 
by volume in that. 

.Q. The density even under those exaggerated 
conditions, would not be— A. Could not be 1 percent, 
smaller tifcmn 1 percent by volume. 

Mr. Kenyon: The significance of that. Your 
Honor, is the fact that the claims are limited to a 
density greater than 6.6 percent by volume.” 

Neither the Board of Appeals nor the trial court ever 
attempted to explain this deficiency of this reference or 
indeed even to comment on the teaching of this reference 
with respect to this important step of applicants’ claims. 
Thus, both tribunals were clearly in error in holding this 
reference a teaching of applicants’ invention. 

Here again, as in the earlier Winkler patent, the dis¬ 
closure negatives the possibility of applicants’ combina¬ 
tion or result. The bed 8 is a stationary mass of particles 
in vibrant motion typical of Regime 1. The particles in 
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the mass are too large to be blown ont of the contacting 
zone by the gas velocity employed. The dust above the 
bed is in the dispersed phase typical of Regime 2, with a 
gas velocity far in excess of applicant’s required maximum 
of 2.3 feet per second and with a feed rate utterly incapable 
of producing the density of solids which characterizes ap¬ 
plicants’ process (A 88). 

In reaching the conclusion that the process described | 

by Winkler et al provides a substantial anticipation of ap- | 

plicants’ claims (A 261) the Board of Appeals plainly mis- j 

construed the Winkler et al disclosure. It was apparently | 

misled by the erroneous calculations of the Examiner as I 

to the gas velocity employed (A 260). It ignored entirely j 

the fact that there are no fine particles, less than 50 mesh I 

size, in the bed. It ignored the total inadequecy of the j 

feed rate. The trial court with uncontradicted evidence of \ 

these errors before it, failed to make cmy findings reflect- \ 

ing these critical differences. i 

i 

I 

(3) Odell patent No. 1,984,380 {Ex. Bk. p. 28). j 

This patent is for a Regime 1 operation pure and simple. i 

It asserts no less than five times in a single paragraph | 

(Ex. Bk. p. 34, coL 2, lines 31-2, 37, 42, 59 and 67) that the j 

particles are not entrained in the gas but are confined in I 

a substantially stationary mass in which the particles are ! 

“in vibrant motion and the turbulent motion of a boiling j 

fluid” (id. Is. 35-44). The patent describes the size of the i 

particles as between % and % inch in average diameter | 

(Ex. Bk. p. 30, col. 2, line 8, p. 32, coL 2, line 55). In one ! 

instance it refers to sand, without mentioning its particle ! 

size (Ex. Bk. p. 34, coL 2, line 4), but warns against using | 

the finer sizes that are more readily blo\vn out of the | 

chamber (id. Is. 1-3). It recommends “uniformly sized | 

particles” (id, line 38). All this is typical of Regime 1 as ! 

described in the application in suit (Reprint pp. 1-2, A | 

143-4). j 

OdeU’s purpose was to maintain the particles in what i 

he called a “fluidized mass” (Ex. Bk. p. 34, coL 2. Is. 44-70) i 

while carefully avoiding their loss through entrainment. ! 

! 

I 

I 
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The Board of Appeals was correct in stating that 
Odell^s particles are of ‘‘larger size’’ than applicants’ 
(A 258). Actually the smallest particle size described by 
Odell inch) is 21 times larger in diameter, and several 
thousand times larger in volume, than the ma-iriTrmTn size 
(100 mesh) required by the applicants’ claims for the 
major portion of their particles (See Pltf’s. Ex. 1, Ex. Bk. 

p. 1). 

The Board of Appeals was misled, however, by Odell’s 
confused statements as to gas velocity. But this confusion 
certainly adds nothing to the force of the patent as a 
reference. 

At page 5 of his patent (Ex. Bk. p. 34^ coL 1) Odell 
gives a formula for the velocity necessary “to maintain 
a mass of solids in suspension” (Is. 45-61) and he also 
says that— 

“Velocities much greater than ‘lifting-velocity’— 
necessary fluidizing velocity—can be used with 
satisfactory results.” (Is. 73-5) 

Dr. Debye explained (A 94) that— 

“_what he means by lifting velocity is the velocity 

which is necessary to fluidize his be<^ that is, mean¬ 
ing to give to his bed the type of motion which is a 
quicksand motion. By suspending velocity, he 
means the velocity which would be necessary in 
order to support a single particle free in the cur¬ 
rent of gas or air, whidi is much lar^r, of course, 
than the lifting velocity which he defines as the 
fluidizing velocity.” 

Thus Odell has as a lower limit a lifting or fluid izin g 
velocity aufl as an upper limit a suspending velocity.* But 


•Dr. Debye determined that for a ^ inch particle such 
as OdeU described (Ex. Bk. p. 30, coL 2, line 8 and p. 31, coL 
2, Is. 5-6) tile lifting velocity would be on the order of 1 foot 
per second and the suspending velocity 29 feet per second 
(A 95). 
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since he repeatedly insists that there mnst be no entrain¬ 
ment of particles (Ex. Bk. p. 34, coL 2, Is. 36-70), his teach¬ 
ing is limited to the range below suspending velocity. This 
is jnst the reverse of applicants’ requirement of an en¬ 
trainment velocity that will blow all of the particles ont 
of the vessel in the absence of fresh feed. 

Like any other flnid, Odell’s ‘‘flnidized mass” is capable 
of overflowing the vessel, bnt this is a far cry from appli¬ 
cants’ resnlt. For lack of the relationship of particle size 
to gas velocity that characterizes applicants’ process, 
Odell’s mass has not the seething turbulence of applicants’ 
bed but only a limited degree of motion characteristic of 
quicksand (A 99). Odell’s particles become segregated in 
the mass according to size. Indeed, the patent mentions this 
as an advantage saying (Ex. Bk. p. 33, coL 2, Is. 13-18): 

‘‘. . . the relative size and density of the different 
particles has considerable to do with their location 
in the fluidized mass: the heavier (denser) and the 
larger size particles tend to go to lower levels than 
the less dense or the smaller particles.” 

whereas under the conditions required in applicants’ 
process the coarse and flne particles are constantly in a 
state of uniform mixture. 

As Dr. Lewis testified as to applicants’ process (A 55): 

“We took samples at different points in the bed, 
we found that the percentage of coarse particles, the 
percentage of fine particles, was the same as it was 
in the rest of the bed and the particles blown over 
were essenaially the same as the particles fed to the 
bed. We had a uniformity of b^ due to this high 
turbulence that we had never anticipated.” 

Since the very core of the utility of applicants’ process 
lies in its provision of a bed so turbulent as to maintain 
the requisite temperature uniformity throughout and at 
the same time permitting the gases to be treated at en¬ 
trainment velocity with large resultant throughput, and 
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since Odell’s teaching is jnst to the contrary on both of 
these essential features, the Patent Office and the trial 
Court were clearly wrong in basing rejection on OdelL 

Odell’s teaching is not only negative but contrary to 
applicants’. Had the Board of Appeals had the benefit of 
the uncontradicted testimony to this effect, given at the 
trial, it should have rejected Odell as a reference on the 
authority of the decision of this Court in Carbide <& Carbon 
Corp. V. Coe (1938), 69 App. D. C. 372, 376-7; 102 F. 2d 236, 
240-2. 


We will now consider the prior patents in the category 
of Begime 2. 

All of these references are characterized by the use of 
particles so superfine or velocities so high as to produce 
only thin dispersions. They disclose nothing remotely 
approaching the dense bed that is at the heart of appli¬ 
cants’ operation. It is not asserted by the Patent O'ffice 
that cmy of them shows the combination of particle sizes 
and gas velocities within the ranges here claimed. It is 
not asserted that any of them suggests such a thing as a 
dense bed. They are frankly cited and relied on solely 
because they suggest that there may be a slippage of the 
particles in the gas stream and a concentation, wholly un¬ 
measured, of the particles dispersed in the stream. 

(4) Degnen patent No. 2^05,569 (Ex. BJc. p. 12). 

This patent is readily disposed of. The trial court 
classified it in Begime 2 (A 8) and the Board of Appeals 
said (A 261) that it— 

“describes very much higher velocities than those 
contemplated by appellants, and this patent there¬ 
fore appears to be an illustration of the type of 
procedure wherein the solid particles are carried 
along.with the gas at substantially the same velocity. ’ ’ 
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(5) The Muller patents — TJ, 8. No. 1,810,055 and British 
No. 285,038 ( Ex. Bk. pp. 26 and 23). 

The Mnller United States patent has no drawing. The 
British patent has, bnt otherwise adds nothing to its United 
States counterpart 

Both of these patents relate to operations in which the 
solid particles are extremely fine, so fine that they are 
referred to as **atomized particles’’ (Ex. Bk. p. 26, line 62), 
“dust” (id, line 67) or “fog” (id, line 84). The invention 
is said to consist— 

“in bringing the gas and the atomized particles to¬ 
gether in such a way that these particles are retained 
in suspension, their transportation is prevented and 
a TnaTrimriTn duration of the reaction period is as¬ 
sured.” (Ex. Bk. p. 26, Is. 61-66). 

The velocity of the gas is just sufficient to keep the atomized 
particles in suspension un^ the reactive capacity of the 
material has been exhausted, or a slightly higher gas 
velocity may be employed to give an ascending movement 
to the “dust or fog zone” while— 

“corresponding replacement by fresh material pro¬ 
ceeds in a steady and gradual manner” (id, Imes 
84-87). . 

The Board of Appeals admitted that— 

“The Muller et al patent does not give any specific 
data as to particle size, or velocity ...” (A 259) 

This in itself is enough to show the inadequacy of the 
patents as references against the claims in suit. 

But the evidence at the trial goes much further. Dr. 
Debye testified— 

“the median size of dust particles is 1.3 microns, 
1.3 thousandths of a millimeter.” (A 103) 

which is vastly smaller than the smallest particles (400 
mesh) referred to in the present claims (see Pltf’s Ex. 1, 
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Ex. Bk. p. 1). And he testified further that to keep a 
particle of 1 micron diameter suspended in a gas stream, 
according to Muller disclosure, the velocity of the gas 
must be approximately one ten-thousandths of a foot per 
second (A 103). He said that the density of the dispersion 
‘4s certainly less than one-tenth of a percent by volume. 
It will be much less than that, it will be perhaps one hundred 
times less.” (A 107) 

Furthermore, Muller’s disclosure is diametrically op¬ 
posed to applicants’ in respect to the turbulance of the gas- 
solids mixture (A 105-6). Applicants’ claims require a 
“dense, highly turbulent mixture”. Muller, to the contrary, 
says his “particles are retained in suspension, their trans¬ 
portation is prevented” (Ex. Bk. p. 26, Is. 6^). Every¬ 
thing is done to avoid disturbing the suspension: the zone 
is “slowly displaced” (id. line 72), the replacement pro¬ 
ceeds “in a steady and gradual manner” (id. Is. 86-7), a 
flared tower is recommended so that “any escape of the 
uppermost particles is reliably prevented and they re¬ 
descend in the more slowly moving gas current” (Ex. Bk. 
p. 27, Is. 6-9). 

From this undisputed analysis of the meaning of 
Muller’s disclosure to one skilled in the art, it is apparent 
that Muller fails to satisfy a single one of the essential 
requirements of the present claims. The Muller particles 
are entirely below the size range defined in the claims. The 
Muller gas velocity is a complete blank, but to achieve the 
stated purpose with particles of that size, it is necessarily 
far below the lower limit of the gas velocity defined in the 
claims. The density or concentration of the solids in 
Muller’s reactor zone is described only as a fog, certainly 
far below the required Tni-niTnum of 6.6% by volume. There 
is complete avoidance of turbulence. The very essence of 
applicants’ process in achieving a dense, turbulent mixture 
of particles with relatively high velocity of gas passing 
through them, is missing. 
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The loose statement of the Board of Appeals (A 259) 
that— 

‘‘it appears to ns that Mnller et al contemplates an 
operation similar to that contemplated by appellants^ 
where they speak of a continuous process with the 
ascending particles being replaced by a correspond¬ 
ing amount of fresh material at the bottom.’’ 

ignores the total absence in Muller’s process of applicants’ 
dense, turbulent bed. Even if there were this point in com¬ 
mon, the Board’s statement violates the cardinal principle 
of patent law that a claim for a combination is not antici¬ 
pated by showing that one or more of the individual elements 
are old. See Levin v. Coe (1942), 76 App. D. C. 347, 354* 
132 F. 2d 589, 595. 

On the face of the Muller patents, and on the undisputed 
evidence, Muller contains no teaching that remotely sug¬ 
gests the gas velocities, particles sizes, volume density or 
resulting “dense, highly turbulent mixture” to which the 
claims in suit are limited. 

(6) HuppJce patent No. 2,231,424 (Ex. Bk. p. 19). 

This patent, like the Muller patents, involves the use 
of extremely fine particles in a thin dispersion and com¬ 
pletely lacks any suggestion or jwssibility of the “dense, 
highly turbulent mixture” containing at least 6.6% by 
volume of solids. Indeed, Huppke’s particles are more 
finely divided even than Muller’s. Eds patent says (Ex. 
Bk. p. 21, coL 1, Is. 47-50); 

“According to this invention the catalyst powder 
should be very fine, preferably of less magnitude 
than the mean free path of the activated molecules 
of gas at reaction temperature.” 

Such particles are only a small fraction of a micron in 
diameter (A 110). There is no information whatever in 
the patent as to the actual velocity of the gas nor any data 
from which it can be calculated (A 110). But the patent 









is specific as to the volumetric relation of the solids to the 
gas in the reaction zone, indicating that it is— 

*^in the order of 30,000 to 40,000 cc. of gas per cc. 
of powdered catalyst . . (Ex. Bk. p. 21, coL 2, Is. 
33-5). 

Dr. Debye characterized the effect of this at A112: 

What would be the volume percent of the 
solids in this operation in which 1 cc. of powdered 
catalyst is used with 30,000 cc. of gasT A. Well, one 
part in 30,000, so there is one tfiree-hundredths of a 
percent. 

Q. How does this compare with the TniniTnuTn den¬ 
sity in the Lewis and Gilliland claims f A. There, 
it is 6.6 percent, and so we have here about, well, 
let^s say 2,000 times less, 1,800 times less. 

Q. You mean that the density in the case of the 
Huppke patent is 1,800 to 2,000 times less than the 
minimum density of Lewis and Gilliland? A. That 
is just what I mean.*’ 

This testimony as to the extreme fineness of Huppke *s 
material and its sparse dispersion in the gas was not before 
the Patent Office, nor is it reflected in the findings of the 
trial court. 

What interested the Board of Appeals particularly in 
this patent (A 261) was the statement appearing at Ex. 
Bk. p. 20, coL 2, Is. 20-4, that— 

“This rate of gas fiow might be such that there is 
a tendency of the catalyst to settle substantially with 
respect to the moving gas so that there is a relatively 
long period of treatment . . . ”. 

Dr. Debye considered this at A111-3, and pointed out 
that if the gas velocity were to be sufficiently low to permit 
the particles to settle even so slightly as one percent of the 
velocity of the gas, the gas velocity would have to be on 
the order of one hundredth of a foot per second—^that is, 
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one thirtieth of the minimum velocity reqnired by the 
claims in suit (A 113). 

Plainly these conditions of operation bear no compari¬ 
son with the characteristics of the applicants’ successful 
process. 

The court below, in Finding No. 12 (A 14) asserts that— 

^^Hnppke specifies the nse of a catalyst so finely 
divided that all passes through a 300 mesh screen.” 

This has reference to a statement near the end of the- 
spedfication (Ex. Bk. p. 21, coL 2, line 30), in the very same 
paragraph in which the patent refers to the nse of 30^000 
to 40,000 times as much gas as catalyst. Of course there is 
no inconsistency between this statement and the earlier 
definition of the particles as being of less magnitude than 
the mean free path of the activated molecules of gas,” for, 
as Dr. Debye pointed out, these fine particles, of the order 
of 1 micron or less, would pass easily through a 300 mesh 
screen (A 137). But even assuming, that particles of 300 
mesh size were intended, the indicated dispersion at 30,000 
parts of gas to 1 of particles of that size would result in a 
density on the order of 2,000 times less than the minimum 
required by the claims (A 112). 

To summarize respecting Huppke, the particle size is 
incomparably smaller than applicants’, the velocity is 
nowhere specified^ the density is incomparably ^er.. 
Neither in constituent elements nor in operating, results is 
there the slightest similarity with applicants’ process.; 

Two other patents are referred to in the dedsion of 
the Board of Appeals, but require little comment 

(7) Tyler parent No, 1^98^57 (Ex.^Bh,^p..36). > 

This is an early patent for calcining gypsum. As an 
inddent to moving the material throng the caldning 
chamber the patent speaks of adding gas ^*to form a fluid 
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mixture with the gypsmn” (Ex. Bk. p. 40, line 18). imme¬ 
diately following tliis is the statement (id^ Is. 22-9): 

^^Snspension of the solid pa^des in the fluid is not 
necessarily a part of snch fluidizing action; the finely 
divided solid may be fluidized—mixture made 
free flowing—by use of a much smaller proportion 
of fluid—gas, in this case—^than is necessary if the 
solid is to be carried or blown along in suspension.” 

Far from teaching an entrainment velocity sufficient 
substantially to empty said contacting zone of solids in the 
absence of continuous solids feed to said zone”—as re¬ 
quired by applicants’ claims—^tbis patent teaches exactly 
the contrary. 

The Board of Appeals understated the facts in assert¬ 
ing (A259): 

^^There is no distinct statement in Tyler of gas 
vdodty or of volume density of solid.” 

Their next statement (id.)— 

**We are of the opinimi that it would be a matter of 
mere experiment^on to determine a gas velocity 
whiiffi would sufficiently carry the solids through the 
treating zone at such a rate of speed as to attain 
adequate time of contact” 

is a perversion of Tyler’s teaching. For as we have just 
pointed out, Tyler himself warned against any such veloc¬ 
ity as would blow the solids akmg in suspension. If one 
were honestly to experiment along the lines Tyler sug¬ 
gested he would seek velocities below, never above, the 
suspending velocity. 

We submit that in its discussion of this patent the Board 
of Appeals evinced a thorough misunderstanding of the 
mode of operation characterizing ^>plieants’ process and 
an improper indifference to the critical limitations of the 
claims in suit. 
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(8) Carpenter patent No. 2^59,486 (Ex. Bk. p. 8). ' 

It is enongh to qnote one sentence from the decision of 
the Board of Appeals (A 261): 

<<The patent to Carpenter is silent as to the gas 
velocity or the size of the particles.’’ 

Withont either of these two essential elements, the Car¬ 
penter reference is plainly immaterial—except as it evi¬ 
dences the lengths to whi(^ the trial conrt was willing to 
go in including that reference in its findings as a basis for 
sustaining the rejection of applicants’ claims. 

Summarizing as to the relation between the present 
invention and the prior art, while there is certainly no 
novelty in the use of fine particles or large, nor in the use 
of various gas velocities, nor in a variety of feed rates, the 
phenomenal success of applicants’ invention resulting from 
the simultaneous adjustment of all of these factors within 
the ranges specified in the claims demonstrates the novelty 
and criticality of those proportions and the inventive 
significance of the combination. 

THE ERRORS OF THE PATENT OmCE. 

1. The Board of Appeals misconstrued the invention 
as one differing only in degree from prior suggestions. 

But the uncontradicted testimony at the trial rimwed 
that the limit s defined in the claims correspond in fact 
-with the physical phenomenon discovered by the appli¬ 
cants and are crucial to success, and that departure from 
those limits defeats the cooperation diaracteristio of the 
invention (supra, pp. 11 and 12). 

2. The Board of Appeals accepted the Examiner’s 

erroneous assumption that the same .results could be 
achieved at gas velocities above 2J8 feet per second as irt 
velocities below that point. ' 

This was disproved at the trial as we have shown (supra, 
pp. 11 and 12). 
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3. It accepted the Examiner erroneous calculation of 
the gas velocity in the Winkler et al patent No. 2,111,579, 
and assumed erroneously that the fine particles would enter 
the bed as well as the larger ones described as constituting 
the feed. 

These errors were demonstrated at the trial {supra, 
pp. 21-23}. 

4. The Board denied invention in a process of string 
importance simply on a showing that its individual ele¬ 
ments were separately old though they had never before 
been brought together in the specific relationship defined 
in the claims. 

For example, after commenting on Muller, Odell, 
Winkler et al and Huppke, the Board said (A 262): 

‘‘The entire range of possible particle sizes and gas 
velocities seems to have been explored.’’ 

What this appears to say is that the problem was known 
and had been diligently explored. That we concede. But 
what the testimony at the trial shows is that not one of 
those explorations suggested the solution of the problem 
nor indicated the particular combination and adjustment 
of elements that applicants have discovered to be essential 
to success. 

5. The Board ignored the testimony of the very expert 
whom the Examiner had relied on to support his position. 

During the prosecution applicants contended that the 
result attainable by their invention was unexpected in the 
light of known physical laws bearing on the suspension of 
solids in gases, such as Stokes’ Law. The Examiner as¬ 
serted .that Stokes’ Law was inapplicable, citing Prof. 
Q-audin’s book as his authority (A 188-9). Prof. Gaudin 
thereupon made affidavit (A 24^9) to the effect that Stokes’ 
Law established a theoretical limit or ceiling on the ex¬ 
pect^ density or loading of solid particles in the gas stream , 
and that to go beyond “such loading would suggest the ’ 


existence of some unexpected new phenomenon** (A^). 
Applicants’ loading limit is nearly ten times the theoretic^ 
limit referred to by Prof. G-andin (A 186).* 

Thns the Examiner’s position was repudiated by the 
very authority he had cited to support it. But, more im¬ 
portant, the testimony of his own adopted expert clearly 
established the unexpected phenomenon involved in ap¬ 
plicants’ invention. In ignoring this hig^y important 
testimony the Board of Appeals committed reversible error. 

Challenged by the errors of this decision, appellmoit 
turned to the couii to show by unimpeachable evidence that 
the combination claimed was in fact critical and unex¬ 
pected, that it had revolutionized the practical art, and that 
the calculations and assumptions by which the Patent Office 
pieced out the inadequacies of disclosure of the patents on 
which it based rejection were wholly unjustified. ' 

THE TRIAL. 

At the trial in the court below, three witnesses were 
called for the appellant, none for the appellee. These wit¬ 
nesses were: 

(1) Dr. Eger V. Murphree, president of the Standard 
Oil Development Company, who described the prior prac¬ 
tical art (A 20 et seq), the disadvantages of the ^^fixed 
bed” type of catalytic cracking (A 20-1), the enormous 
effort made to develop a coil type system of the Degnen iype 
through which the solid particles flowed at substantially 
the speed of the gas (A 22-7), the abandonment of that 
effort after expenditure of nearly 3 million dollars when 
the applicants’ invention was ma^ known (A 35), the im¬ 
mediate success of applicants’ invention (A 35-40),' and its 
adoption in catalytic cracking to the extent of appibxi- 

• At the trial Dr. Debye confirmed Prof. Gaudin in every 
particular and added that what one would expect from the 
known physical laws applicable to such systems *^isjust 
the opposite of what we see in the case of Lewis and up¬ 
land” (A 123). 
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mately a million barrels per day of diarging stock in the 
prodnction of high octane motor fuel (A 39). 

(2) Dr. Warren K. Lewis, one of the applicants, a dis¬ 
tinguished professor of chemical engineering at the Massa¬ 
chusetts Institute of Technology and holder of the Perkins 
and Priestley medals for achievements in chemistry, who 
described the known systems, Eegime 1 and Eegime 2 and 
their disadvantages (A 45-8), the experiments that led np 
to the invention (A 49-50), the surprising and unpredictable 
phenomenon that resulted when the elements of the in¬ 
vention were combined in the critical proportions claimed 
(A 50-1), the essential interdependence of the elements in 
achieving the results—^“violate any and the dense turbn- 
lent bed is lost” (A 52-6), the ‘‘difference in kind” occur¬ 
ring in the combination if the gas velocity exceeds the 
limit defined in the claims (A 60-2), and the advantages of 
the system claimed over those of Eegimes 1 and 2 (A 62-3). 

(3) Dr. Peter Behye, long head of the chemistry depart¬ 
ment at Cornell, a Nobel Prize winner in - Chemistry, and 
honored by many universities and scientific societies for 
his work in physics and diemistry (A 67-8), who demon¬ 
strated the critical importance of maintaining each element 
of the combination within the narrow limitations of the 
claims (A 69-74), showed that the elements are mutually 
interdependent (A 74), that even if the other elements 
remain the same the results obtained by using a gas velocity 
less than 2.3 feet per second, as called for by the claims, are 
“different in kind” from those obtained at higher gas 
velocity (A 70), and that the criticality of this velocity is 
disclosed in the application and distinguished there from 
the results of working at higher velocities (A 69-71). He 
testified that when he first heard of the phenomenon he did 
not believe it and cannot even now explain it (A 74). He 
examined each of the references and showed by independ¬ 
ent calculations of his own that the Examiner had been 
wrong in the various assumptions on which he, and in turn 
the Board of Appeals, had relied in interpreting the prior 



disclosures. He showed that properly interpreted, none of 
the references disclosed the essential conditions defined in 
the claims in suit* 

The appellee presented no witnesses but reHed entirely 
on the Patent Office record. 


THE DECISION BELOW. 

The district court reiterated in its opinion and findings 
the position of the Board of Appeals and gave judgment 
for appellee. 


STATUTE INVOLVED 


No statute is involved save that giving jurisdiction to 
the district court by “bill in equity’’ in such cases, 35 TJ. S. C. 
^ 63, E. S. § 4915. 


The district court erred— 

(1) in failing to find that the combination described 
in the claims produces a new and surprising re¬ 
sult, not disclosed or foreshadowed in the ref¬ 
erences; 

(2) in failing to find a difference in kind between the 
process in suit and the processes shown in the 


• Dr. Debye’s discussion of the references may be found 
at the following pages of the Appendix. 

Winkler No. 1,913,968: A 76-82 

Winkler et aL No. 2,111,579: A 82-93,130-2,134^ 
OdeU No. 1,984,380: A 93-100, 132-4 

Degnen No. 2,305,569: AlOO-lOl 

Mimer et aL No. 1,810,055: 

and British No. 285,038: A101-108,135-6 

Huppke No. 2,231,424: A108-118, 125, 136-8 

Tyler No. 1,798,857: A118-121,139-140 

Carpenter No. 2,259,486: A121-2, 140. 
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references, by reason of the criticality and inter¬ 
dependence of the elements when operating within 
the limits defined in the claims; 

(3) in failing to correct the Patent Office where the 
nndispnted evidence showed that it had misin¬ 
terpreted the references by relying on erroneons 
calculations and assumptions as to conditions of 
operation not adequately disclosed therein. 

I 

SUMBAARY OF ARGUIMENT 

1. Where this Court, on a review of the application 
and claims in suit and of the prior art references, reaches 
the conclusion in the light of uncontroverted evidence at 
the trial that the trial court’s decision was clearly -wrong, 
that decision should be reversed. 

2. WTiere the trial court has misconceived the invention 
and on that basis has made findings that fail to reflect, and 
are contrary to, the uncontradicted testimony, this Court 
should correct the error. 

3. Where the trial court has sustained the Patent Office 
in rejecting claims for a new combination of old factors 
in a new relationship, and the evidence shows -without con¬ 
tradiction that that relationship is critical and that the 
new combination has brought about a new result by a 
simpler and more efficient mode of operation, has solved 
a long-standing problem and substantially replaced other 
processes, the decision of the trial court is clearly -wrong 
and should be reversed. 

4. Where the Patent Office has rejected an application 
on assumptions shown to be erroneous by undisputed evi¬ 
dence at the trial, and the findings of the trial court fail to 
reflect the truth so established, this Court should reverse 
the decision of the trial court. 


ARGUMENT 


1. Whebe this Ooxtbt oh a review of the afflioatioh 

AND OIAIMS IN SX7IT AND OF THE PRIOR ART REFERENCES, REACHES 
THE CONCLUSION IN THE LIGHT OF UNOONTROVERTED EVIDENCE 
AT THE TRIAL THAT THE TRIAL COURT’S DIKHSION WAS CLEARLY 
WRONG, THAT DECISION SHOULD BE REVERSED. 

This proposition is so well established as to be almost 
axiomatic. Montgomery v. MareaU (1951), 83 App. D. C. 
66,166 F. 2d 953; Levin v. Coe (1942), 76 App. D. C. 347, 
132 F. 2d 589; PotHsen v. Coe (1941), 73 App. D. C. 324^ 119 
F. 2d 188; Carbide <& Carbon Corp, v. Coe (1938), 69 App. 
D. C. 372,102 F. 2d 236; Thornton v. Coe (1938), 69 App. 
D. G. 383,102 F. 2d 247. 

There is of course a presumption of correctness of the 
Patent Office decision, in the absence of evidence to the 
contrary at the trial But this presumption vanishes where 
the trial evidence shows that the Patent Office based Uts 
decision on mistaken premises. In Levin v. Coe (1942), 76 
App. D. C. 347,132 F. 2d 589, this Court, in reversing the 
decision below, said at page 353: 

*^It is to be noted that the Board of Appeals did not 
have the benefit of the evidence, althou^ the trial 
court did.” 

So also there is added presumption of correctness if 
the trial court sustains the Patent Office. But these pre> 
sumptions are plainly rebuttable by a demonstration that 
the Patent Office and the trial coi^ were* dearly wrong. 
This Court has repeatedly found the trial court in error 
in cases like the present and has reversed its decree and 
ordered the issuance of a patent. 

In Levin v. Coe (1942), 76 App. D. C. 347,132 F. 2d ^ 
the trial court had sustained the Patent Office in sn<ffi a 
case. The claims in suit were for a palatable stable grain 
germ product and the process of making it by first extract- 
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ing the vegetable oils by means of a solvent and then 
extracting the solvent by means of steam nnder vacnnm. 
The defense was lack of invention. But thia Court, on a 
careful review of the testimony at the trial, reversed the 
decision below on finding that appellant’s process for the 
first time combined the old elements to achieve a new result, 
that the combination was not plainly indicated by the prior 
art, that it satisfied an old and recognized want and proved 
useful and commercially successful in a high degree. The 
trial court’s interpretation of the evidence was held to be 
clearly wrong and its finding of lack of invention “clearly 
not supportable” under the applicable principles of law. 

In Poidsen v. Coe (1941) 73 App. D. C. 324,119 F. 2d 
188, the situation was on aU fours with the case at bar. 
There, as here, the Board of Appeals, due in part to errors 
in the Examiner’s statement (73 App. D. 0. at p. 333), mis¬ 
construed the invention in suit and assumed that it sought 
the same result as that taught by the prior art. This Court 
reviewed the application and the references with care, 
pointed out (id. p. 334) that had the Patent Office directed 
its attention to the whole of applicant’s accomplishment, it 
must have noted the crucial diffierence between his process 
and that shown in the references, and reversed the derision 
below on the ground that the Patent Office and the trial 
court were in clear error on the question of anticipation 
and the presence of invention (id. pp. 335-6). 

So in Carbide & Carbon Corp. v. Coe (1938), 69 App. 
D. C. 372,102 F. 2d 236, this Court stated the sound prin- 
riples of law applicable to the case at bar {infra, p. 45) and 
reversed the decision of the trial judge which had sustained 
the Patent Office. 

2. WhEBE the TBIAIj coubt has mxscohoeived the in¬ 
vention AISTD ON THAT BASIS HAS MADE FiNDINOS THAT FAIL TO 
BEFLEOT, and ABUi OONTBABY TO,‘ THE TJNCONTBADICTED TESTI¬ 
MONY, T MIS COXTBT SHOULD COBBECT THE EBSOB. 

In the case at bar, as we have said {supru, pp. 7-10, 
16-19), the application describes and claims a correlation 
of fa^rs that has achieved a notable new result. 
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The Patent Office misconceived the invention becanse 
it considered that the same resnlts could be achieved with 
different adjnstment of the individnal factors. The testi¬ 
mony at the trial showed not only that this was a miscon- 
stmction of the application itseff (A 69) bat that it was 
contrary to fact. The testimony showed that adjostment 
of each of the factors within the limits defined was cramal 
to snccess, that it bronght about a new and unexpected 
mode of operation and result and revolutionized a great 
industry {supra, pp. 5, 8-12). 

The undisputed evidence confirms that the limits defined 
in the claims are critical because they correspond in fact 
with the physical phenomenon which applicants discovered 
and are of such important practical consequences as to be 
different in kind from the prior art ^ch claims, are 
patentable.* 

^e fundamental error of the trial court is therefore 
in its Finding No. 15 that (A 15); 

“The specific values as to gas velocity, particle 

' size, and concentration of solids, recited in the claims 
in suit, are not critical values.” 

This is an untenable finding. It is directly in conflict 
with the uncontradicted testimony of Dr. Debye and Dr. 
Lewis {supra, pp. 10-12), backed 1^ the compelfing verdict 
of the practi<^ art {supra, p. 13). On the authority of the 
cases cited above, that finding must fall. 

Consistently with its error as to the criticality of the 
specific values recited in the claims, the trial court erred in 


•See Dow Chemical Co» y. Halliburton OH WeU CemenU 
ing Co. (1945), 324 IT. S. 320,329; Ktctk Set v. Wtlch Grape 
Juice Co. (2 Cfir. 1936), 86 P. 2d 945, 947; In re Selmi 
(CCPA1946), 156 F. 2d 96; Bechet v. Coe (1937), 69 App. 
D. C. 51, 55, 98 F. 2d 3^ 335-6; Sun-Bay Gas Corp. v. 
BeUows-Claude Neon Co. (6 Cir. 1931), 49 F. 2d ^6,890. 
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its finding as to inventive diiference and patentability of 
that correlation of values over the disclosures in the prior 
art. 

We have shown above that none of the prior patents 
cited in Findings 16,18 and 19 foreshadows the real inven¬ 
tion in snit or snggests the essential combination defined 
in the claims. 

Those Findings are therefore nntenable, on the au¬ 
thority of the cases cited. 

And the same is true of the assertion in Finding 17 
(A 15) that ‘‘the phenomenon described by applicants is 
in fact old in the art.’’ 

This is without a figment of support and contrary to 
the unanimous and uncontradicted testimony of the 
witnesses. 

In fact none of the patents in the list “foreshadowed” 
the particular combination and proportions claimed—^and 
as a result the practical art had to wait more than ten 
years after Odell’s and Muller’s dates of application be¬ 
fore the problem was effectively solved by applicants’ 
discovery. 

It was not a matter of mere experimentation, as the evi¬ 
dence now shows, but of achieving an astonishing new re¬ 
sult by the empirical discovery of a simpler, more efficient 
mode of operation that depends critically on the adjust¬ 
ment of each element within the narrow ranges defined 
{supra, pp. 10-12). 

Why this particular combination works as it does or 
works at all defies the experts {supra, pp. 9-10). But that 
is no discredit to the importance of tiie invention, rather 
the reverse. What cannot be explained after the event, 
can hardly have been obvious before. 
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The findings in question fail to reflect the tmth con¬ 
cerning the invention and are clearly nnsnpportable on the 
evidence. In addition, the trial court omitted to make rele¬ 
vant findings of facts established by the undisputed testi¬ 
mony {supra, pp. 23, 25,28, 32). 

3. Whebe the trtat. cottet has sustahted the Patent 
Office rs bejecting claims fob a itew combihation of old 

FACTOBS IS A NEW BELATIONSHIP, AlH) THE EVIDENCE SHOWS 
W I T H OUT CONTBADICnON THAT THE BELATIONSHIP IS CBITICAL 
AND THAT THE COMBINATION HAS BBOUGHT ABOUT A NEW BESULT 
BY A RTMPT.TCR and MOBE EFFICIENT MODE OF OPEBATION, HAS 
SOLVED A LONG-STANDING FBOBLEM AND SUBSTANTIALLY BE- 
FLACED OTHEB PBOCESSES, THE DECISION OF THE TBIAL COUBT 
IS CLEABLY WBONG AITD SHOULD BE BEVEB8ED. 

In Carbide <& Carbon Corp. v. Coe (1938), 69 App. D. C. 
372, 377, 102 F. 2d 236, this Court quoted and applied the 
following as a correct statement of the law—^the quotation 
being from Low v. McMaster (1920), 266 Fed. 518, 519-520: 

*‘On this subject it is the law, ^t merely to 
substitute superior for inferior materials, in making 
one or more or all of the parts of a machine or manu¬ 
facture, is not invention, although the substitution 
may be of materia Ihat are both new and useful in 
high degree. It is also Hie law, as exceptions to this 
general rule, that if the substitution involved a new 
mode of construction; or if it developed new prop¬ 
erties and uses of the article made; or where it pro- 
duces a new mode of operation; or results in a new 
function; or when it is the first practical success in 
the art in which the substitution is made; or where 
the practice shows its superiority to consist not only 
in greater cheapness and grecder utHity, but odso 
in more effuMnt action, it may amount to invention,** 

All the indicia of invention here defined and more, are 
shown to apply to the process in suit. 

It has satisfied a recognized want by making available 
a new mode of operation and a new result {supra, pp. 1-13). 
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It has achieved that new result by a critical adjustment of 
factors that runs counter to the teachings of the art and 
can no more be explained today than it could have been 
predicted prior to its discovery {supra, pp. 8-10). It is 
not only a reality but a solid advance in the art that has 
proved commercially useful and successful in a high degree 
{supra, pp. 12-13). 

In denying a patent specific to the essential features of 
such a process, the Patent Office and the trial court com¬ 
mitted reversible error. 

4. Whebe the Patent Oepice has eejected an applica¬ 
tion ON assumptions shown to be eeeoneous by undisputed 

EVIDENCE AT THE TRIAL, AND THE FINDINGS OF THE TRIAL COURT 
FAIL TO REFLECT THE TRUTH SO ESTABLISHED, THIS CoURT 
SHOULD REVERSE THE DECISION OF THE TRIAL COURT. 

We have shown above the errors on which the Board 
of Appeals based its decision: 

its failure properly to construe the invention, its 
failure to realize the critical significance of the spe¬ 
cific values claimed, its erroneous assumption that 
the desired results may be obtained outside as well 
as within the narrow ranges {supra, pp. 11-12, 35); 

its reliance on erroneous calculations by the Ex¬ 
aminer as to the velocities involved in the Winkler 
et al disclosure and its own false assumption as to 
the size of the particles in the bed and its disregard 
of the inadequate feed rate of solids {supra, 
pp. 21-23); 

its misinterpretation of Odell’s **lifting” and 
** suspending” velocities as contrasted with appli¬ 
cants’ entrainment velocity {supra, p. 26); 

its disregard of the essential distinctions between 
applicants’ process and the Muller and Huppke dis¬ 
closures in point of particle size, gas velocity, solids 
feed rate and aU the fatal consequences of those 
shortcomings {supra, pp. 29-33). 
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The truth as to all these errors was spread before the 
trial court, without contradiction. Yet the foldings of that 
court fail to reflect the truth so established. It is almost 
as if there had been no trial 

Yet justice requires that cases be decided on the evi¬ 
dence before the trial court, not on the errors of the Patent 
Office. 

The statement of this Court in Levm v. Coe (1942), 
76 App. D. C. 347, 356; 132 F. 2d 589, 598, is appropriate 
almost word for word to the case at bar: 

‘‘When viewed in the light of the prior art and 
all of the evidence and in the light of the pertinent 
principles of law which we have stated above, finding 
No. 8, to the effect that it was not invention to remove 
the solvent from the intermediate product of Hoffman 
by the method set forth in the appellant’s claims 
and to omit Ihe last stages of Hoffman’s process, is 
also clearly not suppo]^ble. The finding fails to 
reflect the facts shown by the references and evidence 
that Ihe appellant’s process is a combination of old 
elements producing a new result and that it satisfies 
by the production of a palatable, stable wheat germ 
of high nutritive value for human consumption a 
want which had long been recognized but unsatisfied 
in the Tnilling art. The court omitted to make any 
fiudiTig of sudi facts. Since the facts which the find¬ 
ing fsSs to reflect were relevant under the pertinent 
pnnciples of law stated above, the court should have 
found them ... As in our view the court could 
properly under the uncontradicted evidence have 
made no finding except one which reflected the facts 
which we have stated it would be idle to return the 
case for further findings.” 



CONCLUSION 


For the reasons stated it is submitted that the judgment 
should be reversed with instructions to grant the prayer of 
the complaint. 

Respectfully, - 

W. Fbbdbbick Wbigester, 
Attorney for Plaintiff•AypeUant, 

Theodobe S. EIenyon, 

P. J. Whelan, 

Paul 0. Dunham, 

Of Counsel, 

V 

Dated: August 15,1951, 
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Appeal No. 11,067 

STATEMENT OF QUESTIONS PRESENTED 

In the opinion of appellee, the two questions pre¬ 
sented for determination on this appeal are the same 
two questions upon which the parties went to issue in 
the District Court. In the language of that Court 
(A 7), those questions are: 

“1. Whether the specific values set out in the claims 
as to gas velocity, particle size, and concentration of 
solids are critical values. 

“2. Whether the process defined in the claims is in¬ 
ventively different from the processes disclosed in the 
patents cited * * 
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?Hntteb Contt of 

FOR THE DISTRICT OF COLUMBIA dRCXHT 

APPEAL NO. 11,067 

Standard Oil Development Corporation, appellant 

V. 

John A. Marzall, Commissioner of Patents, appellee 

APPEAL FROM THE JUDGMENT OF THE UNITED STATES 
DISTRICT COURT FOR THE DISTRICT OF COLUMBIA 

BRIEF FOR THE COMMISSIONER OF PATENTS 

INTRODUCTION 

This is an appeal from the judgment (A 17) of the 
United States District Court for the District of Colum¬ 
bia dismissing the complaint in an action brought by 
appellant. Standard Oil Development Company, under 
Section 4915 R. S. (35 U. S. C. 63), in which appellant 
sought to have that Court authorize the issuance to it 
of a patent containing claims 26, and 29 to 34, inclusive, 
of the application of Warren K. Lewis and Edwin R. 
Gilliland, entitled ‘‘Catalytic Process,” Serial No. 


( 1 ) 
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544,896, filed July 14,1944. Appellant is the assignee 
of that application. As admitted by appellee, and 
specifically found by the District Court (A 10), that 
application is a division of an application. Serial No. 
312,200, filed by Lewis and Gilliland on January 3,1940. 

The Patent Office examiner, the Patent Office Board 
of Appeals, and the District Court concu^ed in reject¬ 
ing the enumerated claims, which are all the claims 
remaining in the application, as impatentable over 
cited prior art. 

THE CLAIMS 

The District Court (A 7) selected claim 33 (A 7 and 
217) as illustrative of the seven claims in issue. Claims 
26,29,30,31, and 32 (A 218,219) are dependent claims, 
and claim 33 is manifestly broader than claim 34 
(A 217, 218). Claim 34 purports to cover application 
of the process broadly defined by claim 33, specifically 
to the conversion of hydrocarbon vapors by contacting 
them with finely divided catalyst particles. Appellant 
appears presently to draw no particular distinction 
between claim 33 and the remaining six claims, and this 
Court accordingly may well rest its decision as to the 
patentability of all the claims on the basis of its deter¬ 
mination as to the patentability of claim 33. 

Claim 33, reads, as follows: 

“In a process for contacting a gasiform material 
and a finely divided solid the improvement which 
comprises passing gasiform material upwardly 
at a velocity between about 0.3 and about 2.3 feet 
per second through a dense body of said solids 
constituting a contacting zone in which said solids 
are present in particles of different sizes, the 
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largest of which are not larger than about 10 mesh, 
which includes particles between 200 and 400 mesh 
and the major portion of which passes 100 mesh, 
said gasiform material being introduced into said 
zone through an entrance of more restricted cross 
sectional area than said contacting zone, continu¬ 
ously removing gasiform material from the upper 
end of said zone, continuously removing solids 
together with gasiform material from the upper 
end of said zone and continuously introducing 
finely divided solids directly into said zone at a rate 
• sufficient to replace solids removed therefrom and 
maintain said dense body as a highly turbulent 
mixture of finely divided solids and gasiform mate¬ 
rial containing at least 6.6% by volume of said 
" solids, the minimum velocity of gasiform material 
employed within the range given being that suf¬ 
ficient substantially to empty said contacting zone 
of solids in the absence of continuous solids feed 
to said zone.’’ 

As will appear frona analysis, claim 33 specifies a gas 
velocity between “about 0.3 and about 2.3 feet per 
second;” calls for a body of solids in which the solids 
are “present in particles of different sizes, the largest 
of which are not larger than about 10 mesh, which 
includes particles between 200 and 400 mesh and the 
major portion of which passes 100 mesh;” and recites 
that, with the continuous introduction of “finely di¬ 
vided solids,” the mixture of solids and gas is so main¬ 
tained that it contains “at least 6.6% by volume of said 
solids.” 

Claims 31 and 32 may be separately mentioned, be¬ 
cause they recite that “the amount of finely divided 
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solid maintained in the contacting zone is not in excess ^ 
of about 15% by volume.” 

THE APPLICATION ON APPEAL ' 

The disclosure of the Lewis and Gilliland application, 
Serial No. 544,896, is well summarized in the statement 
of the examiner (A 220 to 222). As pointed out by the \ 
examiner, these applicants pay tribute in their specifi- < 
cation (A 143 to 146) to two prior processes. One 
process, which appellant refers to as ‘‘Regime 1,” and 
which the Board of Appeals (A 261, final paragraph; ^ 
A 257, third paragraph) and the District Court (A 11, 
Finding of Fact No. 4) found to be disclosed in the 
Winkler patent. No. 1,913,968 (Ex. Bk., pp. 45 to 48), 
involves passing gas “upwardly through a bed of gran- 
ular, finely subdivided solid particles” so that “the bed 
is converted into a kind of quicksand, with the surface 
of the solid mass having the appearance of a boiling 
liquid” (A 143, second paragraph). The other proc¬ 
ess, which appellant refers to as “Regime 2,” and which 
the Board (A 257, third paragraph; A 261, first and 
final paragraphs) and the District .Court (A 11, Find¬ 
ing of Fact No. 5) found to be disclosed in the Degnen 
patent. No. 2,305,569 (Ex. Bk., p. 12), involves, by 
comparison, “constricting the cro^ section of the re- ^ 
action chamber and fiowing the gas at a correspondingly 
higher velocity through it,” with “the particles being a 
carried at a fairly high rate overhead with the gas” 

(A 145). 

Against the background of these two admittedly old 
processes, Lewis and Gilliland go on to assert in their 
specification (A 147, first paragraph) that: 
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“It has now been discovered that by proper 
control of the operation of a nnit of this general 
type, one can secure in large degree the advantages 
of both types of operation just described, and at 
the same time eliminate or greatly reduce the dis¬ 
advantages. If one will operate at a gas velocity 
sufficient to blow all or substantially all of the solid 
material out of the reactor in a relatively short 
time, provided no fresh solid material be intro¬ 
duced during this time, but wiU feed into the re¬ 
actor simultaneously solid material at a sufficiently 
high rate, one can maintain in the reactor a high 
concentration of solid granules approaching that 
of the ‘liquid state’ described above, and yet be 
blowing the solid particles out the top of tiie re¬ 
actor at a corresponding rate. In other words, 
operating conditions should be used in which solid 
concentrations approach those of a mobile ‘liquid’ 
mass condition, but gas velocities are sufficient to 
carry all solid particles overhead in the gas stream. 
This is secured by using an adequately high ratio 
of rate of feed of solid particles to rate of feed of 
gas or vapor to the reactor.” 

At variance with limitations set out in the claims on 
appeal, Lewis and Gilliland recite in their specification 
(A 149, first paragraph; see also, A 152, final sentence; 
A 155, first paragraph, first sentence; and A 158, first 
sentence; Cf. A 161, claim 1) that “the solid material 
should be supplied to the treating zone at a sufficient 
rate to maintain a concentration of at least about 3% 
by volume of solid material in the mixture of * * * 
solids and gases in the treating zone,” although “Solid 
concentrations as high as 10% to 15% by volume and 
even somewhat higher may be used.” Lewis and Gil- 
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liland describe in their specification (beginning A 149, 
final paragraph) a series of tests “in which air was 
blown up through a cylindrical chamber and a pulver¬ 
ised acid activated clay was supplied to the bottom of 
the chamber.” According to these applicants, this 
“clay powder contained particles of widely varying 
size, the finest being very small (below 5 microns), and 
also some very coarse particles” (A 149, third para¬ 
graph) . By reference to the ‘ ‘ Particle Size Conversion 
Table,” offered as Plaintiff^s Exhibit No. 1 (Ex. Bk., 
p. 1), it will appear that particles 10 microns and 
smaller are “sub-sieve sizes,” and are smaller than 400 
mesh, one of the limits recited in the claims on appeal. 

Lewis and Gilliland charted data derived from these 
experiments in Figs. 1 and 2 of their application draw¬ 
ings (A 166a and 166b). These figures of their appli¬ 
cation contain curves indicating the concentrations of 
solids in said cylindrical chamber at different gas 
velocities and various clay feed rates. One curve in 
Fig. 1 relates to a gas velocity of 0.51 feet per second, 
and reference is made in the specification (A 149, third 
paragraph) to that velocity, and to a velocity of 0.3 feet 
per second. According to the specification, if “clay is 
fed into the bottom of the chamber continuously at 
the rate of 10 lbs./minute/square foot of horizontal 
cross section of the chamber, * * * with a gas velocity 
of 0.51 ft./second, the clay concentration in the cham¬ 
ber is maintained continuously at 12.5 lbs./cu. ft.” 
References, however, are made by Lewis and Gilliland 
not only to these velocities, but to increased velocities. 
In explaining in their application the results of increas- 
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ing the gas velocities (A 150, first paragraph), Lewis 
and Gilliland state: 

“Referring to Fig. 1, it will be seen that if the gas 
velocity be raised to 1.48 ft./second, a clay feed rate 
of 53 lbs./minute/sq. ft. is necessary to maintain a 
solid concentration of 10 lbs./cu. ft. If the gas 
velocity be still further increased, high clay con¬ 
centrations can still be maintained but the clay feed 
rate must be very greatly increased as shown in 
Figure 2. Thus, at 2.29 ft./second gas velocity, 
nearly 800 lbs./minute/sq. ft. of clay must be fed 
to maintain a clay concentration of 10 lbs./cu. ft. 
in the chamber, whereas at a gas velocity of 7.8 
ft./second a clay feed rate of nearly 3800 lbs./min- 
ute/sq. ft. is necessary to maintain the same con¬ 
centration of solids.” 

“In all these cases,” Lewis and Gilliland add, “the clay 
will be overflowing out of the chamber at a rate equal to 
the feed.” 

As hereinabove indicated, with reference to claim 34, 
applicants’ process is applicable to the catalytic conver¬ 
sion of hydrocarbons (A 151, final paragraph; A 152, 
first paragraph). Lewis and Gilliland teach in their 
specification (A 152, first paragraph) that the solid 
catalytic material so used “should be in a powdered or 
pulverized state, the coarsest particles preferably pass¬ 
ing through a screen of about 10 to 100 mesh,” and that 
with the preferred “more finely ground powders,” the 
“major portion * * * passes through a screen of 

200 or 400 mesh or even finer.” Of perhaps even 

> 

broader tenor than the foregoing teaching is the follow¬ 
ing statement by Lewis and Gilliland in their specifica¬ 
tion (A 154, second paragraph): “While catalyst par- 
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tides as large as 10 mesh or larger may be used, much 
smaller sizes are preferred and the catalyst is prefer¬ 
ably groimd to a fine powder having a particle size from 
200 to 400 standard mesh or even finer.’’ Less sweep- 
ingly, these applicants also refer (A 155, first para¬ 
graph) to “using catalysts of small particle size of 
the order of 200 mesh or smaller.” 

SUMMARY OF ARGUMENT 

1. Lewis and Gilliland’s own application shows that 
the specific values of gas velocity, particle size, and con¬ 
centration of solids, recited in the claims on appeal, are 
not critical values. In each instance, broader ranges 
are set forth by Lewis and Gilliland in their specifica¬ 
tion.' As indicated by that specification, and confirmed 
by the prosecution of the application, gas velocities 
greater than the claimed gas velocity of 2.3 feet per 
second will produce the density and turbulence that 
Lewis and Gilliland desire. Under settled law, the 
specification is properly consulted to determine whether 
claimed values are critical. 

2. Because they are not critical, the specific values 
recited in the claims need not be found in the prior 
patents cited. In that those patents show that others, 
before Lewis and Gilliland, had obtained “turbulent 
bed density,” they preclude allowance of the claims. 

3. Appellant has not established that the Lewis and 
Gilliland process satisfied an old and recognized want, 
and the commercial success of that process is not deter¬ 
minative of patentability. 

ARGUMENT 

1. The Valnes Recited in the Claims Are Not Critical 

Lewis and Gilliland’s own application suffices to 
establish that the specific values as to gas velocity, par- 
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tide size, and concentration of solids, recited in the 
claims on appeal, are not critical values, such as would 
warrant the grant of a patent to appellant on that appli¬ 
cation containing those claims. In the words of the Dis¬ 
trict Court (A 9, first paragraph), the broader range 
of values of gas velocity set out by Lewis and Gilliland 
in their specification “will produce the desired densi¬ 
ties and turbulence.” As much was said on behalf of 
Lewis and Gilliland and their assignee during the prose¬ 
cution of their application (A 171, second paragraph; 
A178, final paragraph; A 181, second paragraph, F/H 
p. 114). As indicated, reference was made (A 9, first 
paragraph; A 12, Finding of Fact No. 7) by the lower 
court to the showing of the Lewis and Gilliland specifi¬ 
cation in support of the Finding (A 9, first and second 
paragraphs; A 15, Finding of Fact No. 15) that the 
values recited in the claims are not critical values. 
Lack of criticality can be demonstrated by recapitulat¬ 
ing, in tabular form, as follows, the several values 
specified by Lewis and Gilliland in their application, 
and those recited by them in their claims on appeal: 

Ajyplicaiion Claims 

0-3 to 7.8 feet per About 0.3 to about 

second 2.3 feet per second 

Larger than 10 mesh Not larger than about 
to finer than 400 10 mesh; including 
mesh, to the extent of particles between 200 
being “sub-sieve” size and 400 mesh; and 

with the major por¬ 
tion passing 100 mesh 

3% to as high as 10% At least 6.6% to not 
to 15% and some- in excess of about 

what higher 15% 

As shown by their application (A 147, first para¬ 
graph), Lewis and Gilliland were concerned broadly 


Gas velocity 
Particle size. 

Concentration 
of solids 
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wLtli “using an adequately high ratio of rate of feed of 
solid particles to rate of feed of gas or vapor to the 
reactor,’’ whereby to “maintain in the reactor a high 
concentration of solid granules.” In their application, 
Lewis and Gilliland did not restrict themselves to a 
“relatively low feed rate of solids” (Brief for appel- 
lant, page 18, first paragraph, final sentence). Yet, 
Dr. Debye (A 72 and 73; See Brief for Appellant, page 
9), in referring to a “very low solid feed rate” as an 
advantage of the “Lewis and Gilliland combination,” 
would, unwarrantedly, so restrict their process. 

To the extent that the Lewis and Gilliland applica¬ 
tion ascribes any significance to a particular solid feed 
rate, it is with respect to the “clay feed rate of 53 lbs./ 
minute/ sq. ft.” (A 150, first paragraph, third sen¬ 
tence), which the application states “is necessary to 
maintain a solid concentration of 10 lbs./cu, ft.” when 
the gas velocity is 1.48 ft./second. “If the gas velocity 
be still further increased,” the application continues 
(ibid., fourth sentence), “high clay concentrations can 
still be maintained but the clay feed rate must be very 
greatly increased as shown in Figure 2.” Figure 2 
(A 166b) includes three curves in which clay concentra¬ 
tions are charted against clay feed rates at the several 
gas velocities of 2.29, 5.0, and 7.8 feet per second. In 
regard to two of these curves, the application notes 
(A 150, first paragraph, fifth sentence) that at “2.29 
ft/second gas velocity, nearly 800 lbs./minute/sq. ft. 
of clay must be fed to maintain a clay concentration of 
10 lbs./cu. ft in the chamber, whereas at a gas velocity 
of 7.8 ft./second a clay feed rate of nearly 3800 lbs./ 
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minute/sq. ft. is necessary to maintain the same con¬ 
centration of solids.’’ To be critical, a value or range 

must correspond to a physical phenomenon. In re Selmi 
et ah, 33 C.C.PA. 1187, 156 F. 2d 96; Libhey-Owens- 
Ford Glass Co, v. Celanese Corporation, 135 F. 2d 138, 
145. If the Lewis and Gilliland application could be 
said to have indicated a point which corresponds with 
physical phenomena, that point would seem to be 1.48 
feet per second, rather than 2.29 (or 2.3) feet per sec¬ 
ond, the upper value for gas velocity specified in the 
claims on appeal 

Appellant asserts (Brief, page 5, final paragraph) 
that the “most useful and effective limits” of the Lewis 
and Gilliland process “are described in the claims.” 
“Useful and effective limits,” of course, are “prefer¬ 
able,” “practical,” or “optimum” limits, to be reached, 
as the District Court observed (A 9, fourth paragraph; 
A15, Finding of Fact No. 16), by routine experimenta¬ 
tion, Otis V. Marzall, — U. S. App. D. C. —, 189 F. 2d 
.653,89 USPQ 104; Sherwin-Williams Co, et at, v. Mar¬ 
zall, — U. S. App. D. C. —, — F. 2d —, 89 USPQ 208. 
They are not critical limits (Cf. In re Gardimer, 36 
C.C.P.A. 748,171 F. 2d 313). 

Up to the time of the final rejection of their applica¬ 
tion by the examiner, Lewis and Gilliland pressed for 
the allowance of claims in which the gas velocity was 
specified as between about 0.3 and 7.8 feet per second 
(A 169, claims 24 and 27; A 204, claim 33; See Brief for 
Appellant, page 15, second paragraph). Appellant as¬ 
serts (Brief, page 15, second paragraph), with respect 
to a chart (A 186) and to the test data in the application 
of Lewis and GOliland, that there “was ground for so 
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doing since the test data itself showed that there was 
an unexpected relationship between the gas velocity and 
the density of the gas-solids mixture in the catalyst zone 
over the entire broad range of gas velocity.” “Yet,” 
appellant adds, “that same Chart shows that the un¬ 
expected relationship is of an entirely different magni¬ 
tude when operating within the narrow range of the 
claims in suit (i.e., 0.3 to 2.3 feet per second) from that 
which results when operating at gas velocities over the 
remainder of the broad range originally claimed (i.e.y 
2.3 to 7.8 feet per second). ” But a difference in magni¬ 
tude is a difference in degree, rather than a difference in 
kind (a critical difference). As just indicated, differ- 
ences in magnitude^ ascertainable by routine experi¬ 
mentation. 

After the examiner’s final rejection, Lewis and Gilli¬ 
land amended their specification and added a new Fig¬ 
ure 4 (A 206 to 208; A 203). The added curves of Fig. 
4 were derived by calculations from the data of original 
Figs. 1 and 2. Those curves were drawn for a solid feed 
rate of 0.5,1.0, and 2.0 poimds of solids per cu. ft. of gas 
(or vapors). As a witness in the trial in the District 
Court, applicant Lewis would seem to have agreed (A 
65 and 66) with the examiner (A 233, second para¬ 
graph) that if similar curves be drawn for solid feed 
rates of 3.0,4.0, and 5.0 lbs. per cu. ft. of gas, such curves 
would show that high densities in the reactor are ob¬ 
tained at velocities above 2.3 feet per second. The ex¬ 
aminer calculated that at a feed loading of 5.0 lbs. per 
cu. ft., a gas velocity of 5 ft. per second will result in a 
density of about 8 lbs. per cu. ft. in the reactor. This cal¬ 
culation by the examiner is confirmed by the so-called 
“composite figure 4,” (A 241). 
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As the examiner noted (A 233, first paragraph), the 
added curves of Fig. 4 were submitted by Lewis and 
Gilliland to show an alleged criticality with respect to a 
gas velocity of about 2.3 ft. per second. But, as the ex¬ 
aminer added, no recognition of any criticality in this 
value is to be found in the application of Lewis and Gil¬ 
liland as originally filed. ‘‘To the contrary,” the 
examiner continued, “much higher velocities were 
clearly contemplated and stated to be operative.” 

Prom the decision of the Court of Customs and 
Patent Appeals in In re Pollack et al., 36 C.C.P.A. 
1156, 175 F. 2d 587, it would appear that recourse 
should be had to the Lewis and Gilliland application, 
in its original condition and as filed, to ascertain what 
claimed steps, conditions, and advantages should be 
taken as essential and critical. In that case, that Court 
cited Ahhott et ah v. Coe, 71 App. D. C. 195,109 P. 2d 
449. In the case so decided by the present Court, the 
subject matter was a machine for winding yam. Some 
of the claims in issue related to the case-hardening of a 
cam. According to this Court, the application stated 
that the case-hardened cam “offers great resistance to 
wear and is of improved durability.” With reference 
to this state of facts, this Court said: “The applicant’s 
use of case-hardening produced an unexpected result 
which was not mentioned in the application; it per¬ 
mitted the operation of the machine, even at a greatly 
increased speed, with little lubrication and no spatter¬ 
ing of oil. This result was highly useful. But it was 
not claimed or disclosed, and it cannot retroactively 
turn the adoption of case-hardening, for other pur¬ 
poses, into invention.” 







Belated to these two decisions, and pertinent on this 
appeal, is the decision in Dow Chemical Co. v. Halli¬ 
burton Oil Well Cementing Co., 324 U.S. 320. In that 
case, the Supreme Court of the United States was con¬ 
sidering claims of patent No. 1,877,504, issued to Grebe 
and Sanford, that defined a “method for increasing 
the output of an oil well.” One specified step of the 
claimed method was “charging into the pump tube a 
quantity of a 5 to 20 per cent hydrochloric acid solu¬ 
tion containing a relatively small amount of a corrosion 
inhibitor.” With respect to such expressed values of 
the strength of the hydrochloric acid, the Supreme 
Court ruled: “The patent recommends that the acid 
be diluted to a 5% to 20% strength but it is recognized 
that ‘other concentrations may be used, if desired,’ to 
achieve the purpose at hand. Such a broad and indefi¬ 
nite specification as to dilution is fatal to a claimed 
invention.” 

Further decisions of the Court of Customs and Patent 
Appeals that are of interest are In re Gardiner, supra; 
In re Lobdell, 35 C.C.PA.. 1091, 167 F. 2d 634; In re 
Lieser, 34 C.C.P.A. 1113, 162 F. 2d 224; In re Scherl, 
33 C.C.PA.. 1193,156 F. 2d 72; In re Cooper et al., 30 
C.CJPA.. 946, 134 F. 2d 630; and In re Britton, 28 
C.C.P.A. 726, 115 F. 2d 249. In the Lobdell case, the 
Court of Customs and-Patent Appeals stated: 

“If the limitation in the claims that the cast iron 
possesses ‘a majority of its carbon content in the 
uncombined form’ is to be considered as imparting 
patentability, it must appear that such carbon 
content is critical There is no showing or teach¬ 
ing of criticalness in that respect in appellant’s 
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original disclosure. His specification does state 
that the material contains ‘uncombined carbon in 
substantial quantities.’ But a substantial quan¬ 
tity may be very much less than a majority of 
carbon content.” 

Again, in its decision in In re Lieser, supra, the same 
Court said: 

“It will also be observed that the application 
does not suggest that there is any critical change 
at a temperature of — 1° or —8® C. On the con¬ 
trary, the specification refers to cooling the solu¬ 
tion ‘to a temperature below 0® C.’ One of the 
examples merely calls for ‘cooling to low tempera¬ 
ture’ and some of the original claims specified ‘a 
temperature below 0® C.’ Under such circum¬ 
stances we are unable to hold that the appealed 
claims define patentable subject matter.” 

Basis is to be found in the patent statutes and in the 
rules of the Patent Office for the doctrine that specific 
values recited in a claim are not meaningful unless the 
application shows them to be critical. As a condition 
precedent to the grant of a patent. Section 4888 R.S. 
(35 U.S.C. 33) requires an applicant to describe his al¬ 
leged invention “in such full, clear, concise, and exact 
terms as to enable any person skilled in the art or 
science to which it appertains, or with which it is most 
nearly connected, to make, construct, compound, and 
use the same.” With express reference to this statute. 
Rule 35 of the “Rules of Practice in the United States 
Patent Office,” as in force when the Lewis and Gilliland 
application was filed, provided that the “specification 
must set forth the precise invention for which a patent 
is solicited, and explain the principle thereof, and the 




Belated to these two decisions, £did pertinent on this 
appeal, is the decision in Bow Chemical Co, v. Halli¬ 
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inhibitor.” With respect to such expressed values of 
the strength of the hydrochloric acid, the Supreme 
Court ruled: “The patent recommends that the acid 
be diluted to a 5% to 20% strength but it is recognized 
that ‘other concentrations may be used, if desired,’ to 
achieve the purpose at hand. Such a broad and indefi¬ 
nite specification as to dilution is fatal to a claimed 
invention.” 

Further decisions of the Court of Customs and Patent 
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In re Lobdell, 35 C.C.PA.. 1091, 167 F. 2d 634; In re 
Lieser, 34 C.C.P.A. 1113, 162 F. 2d 224; In re Scherl, 
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C.CJPA.. 946, 134 F. 2d 630; and In re Britton, 28 
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uncombined form’ is to be considered as imparting 
patentability, it must appear that such carbon 
content is critical. There is no showing or teach¬ 
ing of criticalness in that respect in appellant’s 


original disclosure. His specification does state 
that the material contains ‘uncombined carbon in 
substantial quantities.’ But a substantial quan¬ 
tity may be very much less than a majority of 
carbon content.” 

Again, in its decision in In re Lieser, supra, the same 
Court said: 

“It wiU also be observed that the application 
does not suggest that there is any critical change 
at a temperature of —^7° or —8° C. On the con¬ 
trary, the specification refers to cooling the solu¬ 
tion ‘to a temperature below 0° C.’ One of the 
examples merely calls for ‘cooling to low tempera¬ 
ture’ and some of the original claims specified ‘a 
temperature below 0® C.’ Under such circum¬ 
stances we are unable to hold that the appealed 
claims define patentable subject matter. 

Basis is to be found in the patent statutes and in the 
rules of the Patent Ofl&ce for the doctrine that specific 
values recited in a claim are not meaningful unless the 
application shows them to be critical. As a condition 
precedent to the grant of a patent. Section 4888 R.S. 
(35 U.S.C. 33) requires an applicant to describe his al¬ 
leged invention “in such fuU, clear, concise, and exact 
terms as to enable any person skilled in the art or 
science to which it appertains, or with which it is most 
nearly connected, to make, construct, compound, and 
use the same.” With express reference to this statute. 
Rule 35 of the “Rules of Practice in the United States 
Patent Office,” as in force when the Lewis and Gilliland 
application was filed, provided that the “specification 
must set forth the precise invention for which a patent 
is solicited, and explain the principle thereof, and the 
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best mode in which the applicant has contemplated ap¬ 
plying that principle, in such manner as to distinguish 
it from other inventions.” Companion Rule 36 read, 
as follows; 

‘‘In case of a mere improvement, the sp^ifica- 
tion must particularly ^int out the parts to which 
the improvement relates, and must by explicit lan¬ 
guage distinguish between what is old and what is 
claimed as new; and the description and the draw¬ 
ings, as well as the claims, should be confined to 
the specific improvement and such parts as nec¬ 
essarily cooperate with it.” 

Both these rules are substantially incorporated in Rule 
71 of the present “Rules of Practice of the United 
States Patent Office in Patent Cases,” copied below: 

“(a) The specification must include a written 
description of the invention or discovery and of 
the manner and process of making, constructing, 
compounding, and using the same, and is required 
to be in such full, clear, concise, and exact terms 
as to enable any person skilled in the art or science 
to which the invention or discovery appertains, or 
with which it is most nearly connected, to make, 
construct, compound, and use the same. 

“ (b) The specification must set forth the precise 
invention for which a patent is solicited, in such 
manner as to distinguish it from other inventions 
and from what is old. It must describe completely 
a specific embodiment of the process, machine, man¬ 
ufacture, composition of matter or improvement 
invented, and must explain the mode of operation 
or principle whenever applicable. The best mode 
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devised by the inventor of carrying out bis inven¬ 
tion must be set forth. 

“ (c) In the case of an improvement, the speci¬ 
fication must particularly point out the part or 
parts of the process, machine, manufacture, or 
composition of matter to which the improvement 
relates, and the description should be confined to 
the specific improvement and to such parts as 
necessarily cooperate with it or as may be necessary 
to a complete understanding or description of it” 

2. The Process Defined in the Oaims Is Not Inventivdy 
Different from the Processes Disclosed in the Prior 
Patents 

Since the application of Lewis and Gilliland makes 
it apparent that the specific values recited in the claims 
on appeal lack significance as a measure of patent¬ 
ability, there is no need to seek those specific values in 
the seven prior patents upon which appellee relies, even 
though some are set forth therein. According to the 
application (A 147 and 150), the claims (Cf. the penul¬ 
timate limitation of claim 33, A 217), and the testimony 
of applicant Lewis (A 56), the conditions applicants 
would maintain are those that lead to a “ turbulent bed 
density.” In that the cited patents show the prior 
realization of this phenomenon, they preclude the al¬ 
lowance of the claims in issue. The examiner, the 
Board of Appeals, and the District Court agree that 
the phenomenon is old, was made known in the prior 
art, and is not a consequent exclusively of the specific 
values recited in the claims. Gas velodty, particle size, 
and concentration of solids in the bed may be inter¬ 
dependent, though, as indicated, that interdependence 
is not well shown in the Lewis and Gilliland applica- 
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tion, as filed, but they have necessarily been correlated 
to obtain the ultimate “turbulent bed density.’’ 

THS XZPXRENCES 

Winkler et aL; No. 2,111,579 

This patent (Ex. Bk., pp. 49 to 53) relates to the 
manufacture of fuel gas from “fine-grained solid fuels” 
(p. 51, first column, lines 1 to 3) or “finely divided 
solid fuel” (p. 49, Fig. 1, legend), such as coal or coke 
(p. 51, first column, lines 16 to 21), by treatment with 
such a (combustible) gas as water gas, producer gas 
or mixed gases (ibid., lines 46 and 47), in addition to 
the gasifjdng agent, which is a gas comprising oxygen 
(ibid., lines 40 to 45). With the two gases, the paten¬ 
tees assert (ibid., lines 34 to 39), “a sufficient movement 
of the fine-grained glowing layer of fuel may be pro¬ 
duced throughout its entire thickness.” 

As shown in Fig. 1, the finely-divided solid fuel is 
introduced into the gas producer 1 from bunker 9 
through tube 10 and conveyor 11. The two gases are 
introduced through grate 3 and nozzles 7. The size of 
the grains of the solid fuels preferably ranges between 
that of dust particles and 10 millimeters (p. 51, first 
column, lines 52 to 54), or from dust particle size to 
5 millimeters (p. 52, second column, lines 2 to 7). “The 
amoimt of the said combustible gases,” Winkler et al. 
explain (p. 51, first column, line 54 to second column, 
line 7), “is selected depending on the particular fuel 
to be gasified and on the nature of the gasifying agent.” 
The patentees add that “With gasifying agents having 
a high concentration of oxygen and with heavy fuels 
larger amounts of the said combustible gases are used 
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than with gasifying agents having a lower concentra¬ 
tion of oxygen and with comparatively less heavy 
fuels.’’ 

The movement of the fine-grained solid fuels, “simi¬ 
lar to a boiling liquid” (p. 51, fibrst column, line 7), 
is described in both Example 1 and Example 2 of the 
Winkler et aL patent. According to Example 1 (p. 52, 
first colinnn, lines 10 to 16), the “layer of fuel is set in 
whirling motion up and down and has a thickness of 
about 1 meter,” and, by the introduction of water gas 
and steam at specified rates, “the uniform, up and down 
boding motion of the fuel is maintained.” In Example 
2, it is stated that (p. 52, second column, lines 11 to 19, 
and line 35), with the coke and several gas feed rates 
recited, the fine coke, of a thickness of about 1.40 
meters, is maintained in vigorous boiling movement. 
In both cases, it is submitted, there is a condition of 
“turbulent bed density.” 

From the data given in Examples 1 and 2 of the 
Winkler et aL patent, the eimminer (A 226, lines 1 to 7; 
A 193, first paragraph) calculated that the gas veloc¬ 
ities through the reaction zone would respectively be 
0.5 feet per second and 0.6 feet per second. In this 
Court, as before the District Court (A 8, third para¬ 
graph; A 12, Finding of Fact No. 8) and the Board of 
Appeals (A 260, second paragraph), it is urged on 
behalf of appellant (Brief, p. 23, second paragraph) 
that in his calculations the examiner failed to make a 
temperature correction, and that when such a correc¬ 
tion is made, the gas velocities would be 4.3 and 4.4 feet 
per second. But appellant makes no correction for 
pressure (See “Examiner’s Reply Under Rule 137,” 
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A 252, final paragraph; A 84). Pressure is not -a negli¬ 
gible factor (A 131). On the very face of things, it 
would, as the examiner indicated (A 252, final para¬ 
graph), require appreciable pressure to force the gases 
through the dense turbulent bed of solid fuel and addi¬ 
tionally through the cyclone (dust) separator 13 and 
other apparatus (Ex. Bk., p. 52, first column, 21 to 24). 
Applying a pressure correction would result in lower¬ 
ing appellant’s calculated velocities of 4.3 andA^^^t 
per second. Along this line, appellant appears ne-^^ 
to have troubled to explain the statement in the amend-^\ 
ment to the application dated August 13,1946 (A 191, 
final paragraph, Cf. “Examiner’s Reply,” A 252, final 
paragraph. See A131 and 132), that “The gas velocity 
calculable from the data given in Example 1 is .14 
ft./sec. while that calculable from Example 2 is .16 
ft./sec.” 

In view of the holding of the District Court (A 15, 
Finding of Fact No. 15) that the values recited in the 
claims on appeal lack critical significance, that Court 
did not have to, and did not resolve the differences 
between appellant and appellee as to the gas velocities 
resorted to by Winkler et al. Even though the gas 
velocities lately calculated by appellant might faU out¬ 
side of the range of 0.3 to 2.3 feet per second, specified 
in the claims on appeal, they would still fall within the 
range of 0.3 to 7.8 feet per second, recited by Lewis 
and Gilliland in .the application. In other words, the 
gas velocities appellant would ascribe to Winkler et al. 
are of the.same order of magnitude as the gas velocities 
set forth by Lewis and Gilliland in their application. 
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According to the testimony of Drs. Lewis and Debye 
(A 66; A 83. See Brief for Appellant, p. 22, final 
paragraph), no dust enters the Winkler et aL fluidized 
' bed, but a separate dust cycle is formed above it. Such 
an interpretation of that patent finds no support in the 
patent, itself. The fact is that the patentees specif¬ 
ically assert (Ex. Bk., p. 52, first column, lines 21 to 24) 
that “Any dust carried along” with the gas produced 
“is partially separated in a dust separator 13 and slides 
back into the bed of fuel through a tube 14” (See A 
. 130). A mixed feed of coarse and fine particles thus 
enters the bed 8 of Winkler et aL, and that bed accord¬ 
ingly contains fine particles within the size range of the 
claims on appeal (See A 284, final paragraph; A 260, 
final paragraph). Inasmuch as Dr. Debye’s interpre¬ 
tation of the Winkler et al. patent is not in accordance 
with its teachings, his calculations as to particle size 
and concentration of solids (A 88 to 90) are out of line. 
His calculations refer to allied densities above the bed. 
(See A 88, lines 15 to 18. Cf. Brief for Appellant, p. 
24, final paragraph). 

Appellant asserts (Brief, page 25, first paragraph) 
that the Board of Appeals “ignored entirely the fact 
that there are no fine particles, less than 50 mesh size, 
in the bed” of Winkler et aL Since such an alleged fact 
would appear never to have been brought, in all the 
array with which appellant invests it, to the Board’s 
attention (Cf. “Bequest for Beconsideration,” A 270 
to 274), being reserved for presentation to the District 
Court, the Board can hardly be rightly charged with 
having “ignored” it. 
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OdeU; No. 1,984^ 

In his patent No. 1,984,380 (Ex. Bk., pp. 28 to 35), 
Odell teaches a process of producing chemical reac¬ 
tions in which a fluid, such as gas (p. 30, second column, 
lines 14 to 17), is passed through crushed solids “caus¬ 
ing the mass of solids to become fluidized, that is, to be¬ 
have like a liquid’’ (ibid., first column, lines 1 to 11 and 
lines 34 to 43). One specified reaction is the cracking of 
hydrocarbon vapors in the presence of catalyst parti¬ 
cles (p. 32, second column, lines 1 to 5 and lines 19 to 23). 

Odell shows in Fig. 2 (p. 29) an apparatus for carry¬ 
ing out his process. In the carbonization of coal and the 
like (p. 31, first column, lines 70 to 73), the gas, for 
instance air, is introduced through conduit 3 at the 
bottom of reaction chamber 1 (p. 34, second column, 

lines 17 to 29; also see p. 31, second column, lines 20 to 

> 

23 and lines 41 to 44). The solids, coal and the like, can 
be admitted to the top of the reaction chamber 1 throng 
valve 5 (p. 31, second column, lines 44 and 45), but 
they also can be admitted to the bottom of that same 
chamber (p. 33, first column, lines 43 to 47).* Solids re¬ 
cycled from chamber lA are introduced at the bottom • 
of reaction chamber 1 through the conduit contaioing 
valve 8 (p. 34, second column, lines 17 to 29; also see 
p. 31, first column, lines 23 to 27). Solids are with¬ 
drawn from the top of the fluidized bed through the con¬ 
duit containing valve 8A, and gases through the conduit 
that is unmarked except by a lead line without refer¬ 
ence numeral 

Odell states that his solids “are fluidized by suspen¬ 
sion in a fluid stream” (p. 30, first column, lines 7 and 8; 
also see p. 31, second column, lines 31 to 34), and that he 
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secures absolute temperature control “by passing a 
heated'fluid upwardly through a mass of cruised coal 
contained in a suitable chamber at such a velocity that 
the particles or pieces of coal are in constant motion, the 
mass assuming, in the fluidized condition, the properties 
of a boiling liquid” (p. 30, second column, lines 1 to 7). 

In language much like that of Lewis and Gilliland in 
their application (A 147, first paragraph), Odell (Ex. 
Bk., p. 34, second column, lines 30 to 42) defines the 
term “fluidized mass,” as used in his patent, as desig¬ 
nating “a ‘psuedo fluid’ such as is formed by passing an 
aeriform fluid upwardly through a substantially sta¬ 
tionary mass of confined substantially uniformly sized 
particles of solid material at such a rate that the par¬ 
ticles assume limited freedom of motion, the whole 
having physical properties similar to those of a boil¬ 
ing liquid.” In a manifest effort to distingui^ this re¬ 
cited phenomenon from what the record knows as 
“Regime 2,” Odell asserts (ibid., lines 42 to 48) that 
the “particles are not entrained in the aeriform fluid 
but are in vibrant motion and the turbulent motion of a 
boiling fluid,” with the “fluidized mass having a denaty 
much greater than that of the same aeriform fluid with 
entrained particles of the same kind of solid” (See also, 
ibid., lines 48 to 70). Any thought that appellant might 
now entertain (See Brief, p. 25) that because Odell em¬ 
phasizes that his particles “are not entrained” in the 
gas, his process is identified with “Regime 1,” must be 
completely refuted by Odell’s explanation (Ex. BJl, p. 
34, second colmnn, lines 17 to 29) of the operation of the 
apparatus shown in his Fig. 2 (p. 29). Odell' particu- 
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larly states that the ^^fluidized mass 2, can be made to 
circulate automatically by merely opening valves 8A 
and 8that the “fluidized solids overflow like a liquid 
and pass down through 8A into chamber lA, as indi¬ 
cated at 2A, then out of chamber lA through valve 8 
and again into chamber 1and that the “flow of fluid 
through 3 in chamber 1 is the means both for fluidizing 
and circulating the solids.’’ If the solids so flow, they 
are to that extent entrained in the fluid and hence sub¬ 
ject to such an entrainment velocity as that called for in 
the last clause of illustrative claim 33. (Of. original 
claim 8 of the Lewis and. Gilliland application, A164). 
Odell specifles (Ex. Bk., p. 34, second column, lines 54 
to 61) that his “fluidized mass” may be produced “by 
the velocity effect of upwardly blasting an initially sta¬ 
tionary bed of solids.” 

Odell makes two references to particle sizes in his 
patent He says (Ex. Bk., p. 31, second column, lines 
5 and 6) that the crushed coal may be “%, %-inch or 
larger or smaller average size and preferably uniformly 
sized.” Also, he says (p. 32, second column, lines 53 to 
56) that the “average size of the solids—coke or the 
equivalent—should be small, preferably less than % 
inch” and that “the % inch average diameter is highly 
satisfactory. ’ ’ An inch is 2.54 centimeters or 25.4 milli¬ 
meters, and thus ^ of an inch is 3.18 millimeters. A 
particle diameter of 2 millimeters corresponds to a me^ 
size of 10 (“Particle Size Conversion Table,” Ex. Bk., 
p. 1). Particles of “smaller average size” than % inch 
accordingly fall within the category of “particles as 
large as 10 mesh or larger” set up by Lewis and Gilli- 
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land in their application (A 154, second paragraph, 
fourth sentence). 

Odell also refers (Ex. Bk., p. 34, second cohnnn, lines 
3 to 8) to his use of ^^sand,” and with that sand of a gas 
velocity of 0.8 feet per second (See A 225, first para¬ 
graph; A 259, first paragraph)—^well within the Lewis 
and Gilliland range. According to Webster’s New In¬ 
ternational Dictionary (Second Edition, 1935), ^^sand 
consists of particles generally less than 2 millimeters in 
diameter,” which is to say, smaller than 10 mesh. 

Mnfler et aL; No. 1,810,055 
British Patent No. 285,038 

These two patents (Ex. Bk., pp. 23 and 26) were dis¬ 
cussed together by the examiner (A 222 and 223) on the 
basis that the Briti^ patent shows an apparatus for 
carrying out the process disclosed in the U. S. patent. 
That process is fully described by the examiner in Ms 
statement (A 222 and 223) and in his reply (A 251 and 
252), to wMch references are hereby made. Therein, 
the examiner also answers appellant’s arguments 
(Brief, pages 29 to 31) that no specific gas velocity is 
mentioned by Muller et al and that these patentees do 
not obtain “applicant’s dense, turbulent bed.” Appd- 
lant especially complains (Brief, p. 29, second and final 
paragraphs) that the indicated particle sizes are far 
finer tTian applicants’, and that the density of the dis¬ 
persion is more dilute. Such complaints, however, 
would seem to be founded upon an unwarrantedly! nar¬ 
row or strict construction of the terms “dust”^ and 
“fog,” as used in the Muller et al patent (Ex. Bk. p. 26, 
lines 67 and 84). Evidently, these patentees use these 
terms as loosely as Degnen uses similar terms in Ms 
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patent No. 2,305,569 (Ex. Bk., p. 15, first column, lines 
73 and 74; p. 16, first column, lines 52 to 57). Degnen 
refers to a “cloud, mist or fog” made up of particles in 
the range of 20 to 200 mesh. 

Happke; No. 2,231,424 

Huppke discloses (Ex. Bk., p. 20, first column, lines 
23 to 33) a catalytic method in which finely powdered 
catalyst is circulated with gases “at a velocity suffi¬ 
cient to keep the catalyst in turbulence and in suspen¬ 
sion in the gases or vapors being treated until the 
conversion sought has been accomplished.” The “rate 
of gas fiow,” Huppke adds (ibid., second column, lines 
20 to 24), “might be such that there is a tendency of 
the catalyst to settle substantially with respect to the 
moving gas so that there is a relatively long period of 
treatment.” Neither of these descriptions as to the 
conditions resulting from the regulation of gas velocity, 
it is submitted, befits “Regime 2.” Rather, both befit 
applicants’ “turbulent bed density.” Huppke prac¬ 
tices his method with the apparatus shown in the single 
figure of his patent (p. 19). As indicated therein, feed 
gases or vapors from heater 12 and powdered catalyst 
from nozzle 15 are forced upwardly together in reaction 
chamber 18. From that reaction chamber, the treated 
gases or vapors and the suspended catalyst pass into 
separating zone 20 in chamber 19. 

In the absence of knowledge in the record as to the 
meaning of the term “activated,” there is an apparent 
inconsistency between the general statement by Huppke 
(p. 21, first column, lines 47 to 50) that the catalyst 
powder should be “preferably of less magnitude than 
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the mean free path of the activated molecules of gas at 
reaction temperature,” which appellant would allege 
(Brief, p. 31, final paragraph) to be of the order of ‘‘a 
small fraction of a micron,” and the specific statement 
by Huppke in the example (Ex. Bk., p. 21, second col¬ 
umn, lines 28 to 31) in regard to using the “catalyst 
finely divided to such a size that all passes through a 
300 mesh screen.” Manifestly, however, such an in¬ 
consistency is not properly resolved by testimony of 
the character of the following given by Dr. Debye 
(A137): 

“Oh, I was going to say that I considered this part 
in connection with page 2, column 1, line 47, and 
following, and that the first time I saw it, it looked 
to me as if this would be a contradiction, because 
at the line I am talking about, the line 47, he speaks 
of particles of less magnitude than the mean free 
path, which is of the order of 1 micron. Then, in 
the place in the second column, he speaks of par¬ 
ticles passing 300 mesh. But then I saw that he 
can do that very easily, because 300 mesh passes 
particles which are all smaller than the dimensions 
given by 300 mesh. So, I must say that these two 
things are consistent with each other, as soon as 
we accept that he was just saying what he says, 
that the particles pass through 300 medi.” 

One micron is the size of many germs. According to 
the conversion table. Plaintiff’s Exhibit No. 1 (Ex. Bk., 
p. 1), it is a sub-sieve size. It is measured under a 
microscope rather than with a screen. In view of the 
exact teachings by Huppke in the example in his 
patent, the District Court, it is submitted, did not fall 


into error in finding (A 14, Finding of Fact No. 12) that 
‘^Huppke specifies the use of a catalyst so finely divided 
that all passes through a 300 mesh screen.” In plain 
fact, Huppke employs particles within the broad range, 
larger than 10 mesh to finer than 400 mesh, specified by 
Lewis and Gilliland in their application. 

So far as the testimony of Dr. Debye (A 112; See 
Brief for Appellant, pp. 31 and 32) with respect to the 
densities allegedly obtainable by Huppke is concerned, 
that testimony would seem to have its basis in a mis¬ 
reading of the patent. The patent is not “specific as 
to the volumetric relation of the solids to the gas in 
the reaction zone.” Specific reference rather is made 
(Ex. Bk., p. 21, second column, lines 34 to 36) to “a 
space velocity in the order of 30,000 to 40,000 cc. of 
gas per cc. of powdered catalyst per hour.” As appel¬ 
lant indicates (Brief, p. 32, second paragraph) no 
allegations “as to the extreme fineness of Huppke’s 
material and its sparse dispersion in the gas” were ad¬ 
vanced in the Patent Office, for evaluation by its 
experts (Cf. Bequest for Reconsideration, A 274 and 
275). 

Tykr; No. 1,798^57 

The Tyler patent (Ex. Bk., pp. 36 to 44) is entitled 
“Method for Continuous Calcination of Gypsum.” 
Before the Board of Appeals, Lewis and Gilliland 
apparently conceded (A 259, final paragraph) that the 
gypsum particles upon which Tyler operates are “of 
the same sizes as required by the claims” (Cf. Exam¬ 
iner’s Statement, A 230, sixth and seventh sentences). 
According to the patent (Ex. Bk., p. 39, lines 59 to 63), 
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the gypsum is ground so fine in order that ‘‘it may be 
fiuidized and mobilized by a stream of gas through a 
heating and calcining chamber.” The chamber to which 
said finely divided ^psum is delivered, relevant here, 
is the vertically disposed one illustrated in Pig. 2 (p. 
37). 

Like Odell, Tyler refers (p. 39, second column, line 
109) to “a fiuidized mass.” Tyler states (ibid., lines 
110 to 115) that the gypsum is moved along through 
the chamber by the feeding action of the conveyor 
“and by the gas that is introduced through pipe 13 
in sufficient quantity to fluidize and mobilize the gyp¬ 
sum.” To this description of his process, Tyler adds 
(p. 40, first column, lines 15 to 46) the following: 

“As the gypsum and gas are fed into the head end 
of the calcining chamber, the fibrst action of the 
gas is to fluidize the gypsum—^to form a fluid mix¬ 
ture with the gypsum. This it does by forming 
very much the same type of mixture that is formed 
by sand and water when the two form a fluid, 
freely flowing, mixture. Suspension of the solid 
particles in the fluid is not necessarily a part of 
such fluidizing action; the finely divided solid may 
be fluidized—the mixture made free flowing—by 
use of a much smaller proportion of fluid—gas, 
in this case—^than is necessary if the solid is to 
be carried or blown along in suspension. 

“Thus the first action of the gas in my process 
is to fluidize the gypsum, to form with it a fluid, 
free flowing, mixture; and that is what I mean 
by the term ‘fluidize’ as used in this description 
and the following claims. The gas, however, has 
a farther function of actually causing movement. 
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or contributing to the movement of the fluidized 
mixture. The mixture being free flowing, the 
continued introduction of gypsum and gas at the 
head end of the calcining chamber causes move¬ 
ment of that fluid mixture. The introduction of 
gas is not the sole cause of movement; the intro¬ 
duction of gypsum is also a cause; but the gas 
does have that moving function in addition to its 
fluidizing function.’’ 

Because of the specified transport of the finely ; 
divided gypsum by the gas in the Tyler method, that 
method is definitely removed from “Regime 1,” in 
which Dr. Debye would place it (A 123). Tyler, it is 
submitted, effectively foreshadowed the process to 
which Lewis and Gilliland and appellant would lay 

claim. . 

Carpenter; No. 2^259,486 

As indicated in the single figure of his patent (Ex. 
Bk., p. 8), Carpenter passes gas oil vapors from pipe < 
still 13 and “powdered catalyst” from line 14 through 
reactor 15 (p. 10, first column, lines 3 to 13 and lines ^ 
29 to 32). Carpenter says (ibid., lines 37 to 42) that his 
catalysts may be of the clay type or of the silicia- 
alumina type, and they thus are comparable to the ^ 
activated clays and synthetic catalysts to which Lewis * 
and Gilliland refer in their application (A 149, final 
paragraph; A 152, first paragraph). ' With respect to 
gas velocity. Carpenter states (Ex. Bk., p. 10, first * 
column, lines 29 to 32) that the “velocity of vapor t 
flowissuffidenttocarrythecatalystinthe vapor stream 
through reactor 15. ’ ’ And appellant has not challenged 
(See A 140) a solids concentration of 12.5% to 18.6% 
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hj volume, as calculated by the examiner (A 226, first 
and second paragraph; A 231, first paragraph). Re¬ 
gardless, as the examiner indicated (A 231, first para¬ 
graph), pf the specific velocities used by Carpenter, 
he would appear to attain all the results sought by 
Lewis and Gilliland. 

3. Commercial SucceM 

Appellant emphasizes commercial success. The Dis¬ 
trict Court recognized (A 16, Finding of Fact No. 20) 
that Lewis and Gilliland’s process ‘‘has been very suc¬ 
cessful from a commercial standpoint,” but neverthe¬ 
less foimd it unpatentable. The general rule, repeated 
by the Supreme Court in Dow ChenUcal Co. v. Halli¬ 
burton OU Will Cementing Co., 324 U. S. 320, is that 
commercial success is relevant only in a dose case 
where all other proof leaves the question of invention 
in doubt. 

Presently, appellant presses the view (Brief, pp. 
2 to 4) that Lewis and Gilliland’s process satisfied an 
old and recognized want In view of the principles 
enunciated in such decisions of the Second Circuit 
Court of Appeals as La/ndis Machine Co. et al. v. 
Parker-Kalon Corp. et al., — F. 2d —,90 USPQ 129; 
Framk B. KUUan and Company v. Allied Latex Cor¬ 
poration, 188 F. 2d 940, 89 USPQ 219; and Condenser 
Corporation of America v. Mica/mold Radio Corp., 145 
F. 2d 878, the suf&dency of appellant’s proofs to estab¬ 
lish such a proposition may well be doubted. As Judge 
Learned Hand stated in the Killian case, 

if * * inventor must justify his contribution' 
against all that has gone before, known and im- 







known. Yet when he seeks to use the art’s failure 
to anticipate him as evidence of his own per- «* 
spicacity, he must appraise the art’s ineptitude by 
the art’s actual knowledge; he may not impute to 
it an acquaintance with any part of what went ' 
before of which it was not aware.” 

Lewis and Gilliland can not on the record be attributed 
with solution of the problem of “conversion of * * * 
gases by catalytic action of * * * solids” (Cf. Brief ^ 
for Appellant, p. 2, second paragraph). During the 
prosecution of their application, they made the follow- - 
ing conce^on (A 170, final paragraph): 

“At the time the present applicants entered the < 
field, the catalytic cracking of hydrocarbons utiliz- 
ing fixed catalyst beds was an established commer- , 
cial process.” /J 

CONCLUSIOK 

The Patent Office examiner, the Board of Appeals, 
and the District Court concurred in holding that appel¬ 
lant is not entitled to receive a patent containing the 
claims on appeal For the reasons given in the decisions ; 
of those three tribunals, and reiterated in this brief 
for appellee, that holding should for the fourth time be 
made. > 

. E. L. Eetnolds, 

Solicitor, TJ. S. Patent Office, '* 

Attorney for Appellee, 

Clabence W. Mooee, * 

Of Counsel. 

At 

September, 1951. 
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REPLY BRIEF FOR APPELLANT 


UNITED STATES COURT OF APPEALS 

DISTRICT OF COLUMBIA CIRCUIT 

■ ■ ■ - "N 

Staijdaed Oil Development Company, 

Plaintiff-Appellant, 

^No. 11067 

John A. MAit^ATT^ Commissioner of 
Patents, 

Defendant-Appellee. 


Appellee’s brief, according to its snmmary at page 8, 
is based on a single proposition of fact—^the alleged non¬ 
criticality of the specific values claimed—and a single de¬ 
pendent argument that, being non-critical, these specific 
values need not be,found in the prior art in order to pre¬ 
clude alloTvance of the claims. 

1. On the first proposition appellee urges this Court to 
depart from the established rule that decision must be 
based upon the uncontradicted evidence of record. Viola¬ 
tion of this rule has repeatedly led to reversal by this Court 
(see cases cited at page 41 of our main brief). 

Most recently in Broderson v. MarzaU,* this Court re¬ 
versed the court belovs', vs^hich **in its opinion and findings 
merely followed the Patent Office”, where the Patent Office 
had ** confined itself to pointing out that the elements used 
by the present applicants are old” and had failed to *‘point 
out wherein the combination of those elements in the man¬ 
ner and with the results claimed by this applicant was re¬ 
motely suggested by anything in the prior art” (91 USPQ 

• C. A. D. C. Case No. 10631 decided Nov. 23,1951, re¬ 
ported at 91 USPQ 259 and 654 0. G. 1. 
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at p. 263). There, as here, the district court ignored what 
this Court characterized as expert testimony of the highest 
order” (91 USPQ at p. 261). 

The district court itself, in a recent decision hy Judge 
Holtzoff,* said at 91 USPQ 176: 

“So far as the majority opinion [of the Patent 
Office Board of Appeals] is concerned, its expression 
of incredulity is completely overcome by impressive 
and uncontradicted testimony introduced at this triaL 
This testimony was not available to the Patent Office 
in passing on the application. It is to the effect that 
the use of salt cavities has exceedingly marked ad¬ 
vantages over the use of porous rock. The incredulity 
expressed by the majority opinion of the Board is 
further overcome by testimony that since 1950 the 
type of cavity proposed by the plaintiff has been in 
successful commercial use. 

• • • • 

The Court is fully (x^nizant of the fact that the 
Commissioner of Patents, in defending these cases, 
labors under certain limitations in obtaining evidence 
to contradict evidence that may be adduct by the 
plaintiff. This is a matter, however, over which the 
Court has no control The Court has to decide the 
case on the evidence before it.” 

Here appellee expresses its incredulity of applicants’ 
achievement by asserting as the very basis of its argument 
(brief, p. 8) that the specific values of gas velocity, particle 
size, and concentration of solids recited in the claims on 
appeal, “are not critical values”. 

This is in direct contradiction of the undisput^ testi¬ 
mony of experts of the highest order given at the trial:— 
that these specific values are critical, not for the mere 
achievement of .a dense turbulent bed but in providing a 
technique for achieving such a bed with an astonishingly 
low feed rate of solids in relation to the gas velocity and 

I .1 

• Pattinson v. MarzdU, 100 F. Supp. 787, 789, 91 USPQ 
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the fineness of the particles employed; that the achievement 
was new and inexplicable and ‘‘different in kind^^ from any- 
known process for producing such a bed. 

It is in direct contradiction of the testimony of the prac¬ 
tical art in adopting and using the applicants^ process on 
an enormous scale. 

It is in direct contradiction of the disclosure of the ap¬ 
plication itself, which appellee persists in misunderstand¬ 
ing. 

Unless the evidence of record is to be wholly ignored 
or treated as incredible, the specific values claimed are 
critical 

2. Appellee’s second proposition falls with the first. 
It argues that since others had obtained “turbulent bed 
density” before Lewis and Gilliland, the specific values 
claimed ‘^‘need not be found in the prior patents cited” to 
justify rejection of the claims (see brief, p. 8). 

The fallacy of assuming that the novelty of applicants’ 
process lay in achieving “turbulent bed density” is plain 
from the description of Regime 1 in the opening paragraphs 
of the application itself (Reprint, pp. 1 and 2; A143-5). 
Gn the contrary, the novelty of the process lies in achieving 
that result by a correlation of factors that according to 
prior knowledge and expectation should have made that 
result impossible or, at best, attainable only by means of a 
feed rate of solids so large as to be beyond practical utility. 

The “impressive and uncontradicted testimony intro¬ 
duced at the trial” shows that by following the data con¬ 
tained in the application as filed, one can (and the practical 
art now does) achieve the desired high density bed without 
the disadvantages previously thought inherent and with a 
feed rate of solids so small in proportion to the expected 
rate as to demonstrate a phenomenon “different in kind” 
from anything known before. 




To illustrate: Plaintiff’s giant catalytic cracking unit 
at Bayway, New Jersey, operating exactly in accordance 
with the process claimed (A 36-9), produces a dense turbu¬ 
lent bed of fine particles with high gas throughput by dint 
of feeding the catalyst particles into the reactor at the 
massive rate of a box car load every minute (P. Ex. 7, see 
p. 5 of Exh. Book). Yet if thai plant had been laid out on 
the basis of prior knowledge, without the benefit of appli¬ 
cants* discovery, provision would have had to be made to 
feed the catalyst at forty-five times the rate actually em¬ 
ployed (Debye, A 72). 

What applicants discovered was that a critical relation¬ 
ship exists between the interdependent factors of particle 
size, gas velocity and solids feed rate. Only by combining 
these factors within the limits claimed, can such fine parti¬ 
cles be made to form a dense turbtdent bed at high gas 
velocity and low solids feed rate. Applicants’ new technique 
not only avoided the prodigious and impossible feed rates 
that would have been thought necessary in plaintiff’s Bay¬ 
way plant, but it laid the basis for a great new industry. 

Appellee’s assumption that the alleged new result was 
merely to obtain “turbulent bed density” runs all through 
its brief. The falsity of that assumption is plain from the 
record. Appellee’s brief tilts with a straw man. Appli¬ 
cants’ discovery, by contrast, is a reality of enormous prac¬ 
tical value. 

The character of die witnesses whose testimony 
die district court disregarded. 

The district court in this case had before it the testi¬ 
mony of three of the most outstanding scientists in this art. 

Dr. E. V. Murphree is president of the Standard Oil 
Development Company, which is probably the largest group 
of scientists devoting their efforts to petroleum research 
in the world. Dr. Murphree and his large corps of highly 
trained scientists were thoroughly familiar with the two 
tyi)es of operation in the prior art on which the Patent 



Office relied as an anticipation of applicants’ claims. As 
to the obviousness of applicants’ process from these prior 
processes Dr. Mnrphree testified at A 29: 

‘‘The results were very surprising to us. We 
thought we knew something about the physical laws 
back of the carrying power of the ^ses for solids, 
that is, the concentrations of solids you could expect 
to get particularly in upflowing gases and we were 
quite surprised that as dense a catalyst bed could be 
obtained as Dr. Lewis obtained at relatively high 
velocities. ...” 

and at A 30: 

“. . .it offered a solution to a lot of our problems. 
As I say, the results, themselves, were very surpris¬ 
ing to_ us. We wouldn’t have thought with the 
velocities Dr. Lewis used that you could obtain the 
concentration of powder in a vessel that was 
obtained.” ' 

and at A 32: 

“It worked fine right from the start It was just one 
of those things, as soon as you ran it, you knew it 
was what you were looking for.” 

Dr. Warren EL Levsis, one of the inventors of the appli¬ 
cation in issue, has been for 40 years a professor of chemical 
engineering at Massachusetts Institute of Technology. He 
has been the recipient of the highest awards for achieve¬ 
ment that the American chemical societies offer. He is 
recognized as one of the outstanding educators in this 
country. He and his co-inventor had a thorough knowl¬ 
edge of the types of processes relied upon by the Patent 
Office as an anticipation of their process. As to the obvious¬ 
ness of their process from these prior processes, Dr. Lewis 
testified at A 50: 

“. . .we were very much surprised to find that 
under proper conditions of flow we secured extraordi¬ 
narily high powder concentrations in the uprising 
stream of gas. 






Q. How did that concentration in the nprising 
stream compare with the ratio of solid to gas in yonr 
feed? A. It was very mnch higher/^ 

and at A 51: 

“Q. Now, was this result, this dense turbulent 
bed with the relatively low catalyst feed, was that 
something that could have been predicted from your 
prior knowledge? A. No, we were surprised to find 
it. 

Q. Taking the particle size that you were working 
with, from prior knowledge of the art, what would 
you have expected those particles to do when you 
were operating at the velocity that you found to be 
the optimum? A. I would have expected them, I did 
expect them to travel through with the gas at a 
velocity only a little less than that of the gas itself. 
I expected that the concentration in the reaction 
vessel would not be much greater than the concentra¬ 
tion in the gas powder feed to that vesseL 

Q. So that the occurrence of this dense bed was a 
matter of surprise? A. That is right, there was 
something occurring there that I did not under¬ 
stand.” (Emphasis ours) 

He testified that Figs. 1 and 2 of the application are 
plots of the basic experimental data observed by his co¬ 
inventor, Dr. Gilliland, and himself (A 58), that Pig. 4, con¬ 
structed ‘‘without new factual information’’ on the data 
from Figs. 1 and 2, indicates a “mathematical discontinuity 
around 2.3 feet per second” (A60) and that: 

“. . .to the left of this gas velocity of about 2.3 feet 
per second, there is a factor or factors operating to 
determine the reactor loading which differ in hind 
from the factors controlling it to the right of that 
point.” (Emphasis ours) 

At A 63 he testified: 

“Q. Dr. Lewis, do the technical men in this in¬ 
dustry yet understand why it is, or do they agree 
on their explanations of why it is that with your 
particular process you get this dense bed under the 
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conditions indicated? A. They certainly do not. 
Professor Gilliland and I cannot agree on the 
matter.” 

Dr. Peter Debye is one of the outstanding scientists in 
the field of chemistry and physics in the world. He has 
been the recipient of innumerable honors in recognition of 
his scientific achievements, among them being the Nobel 
prize in 1936 (A 68). Dr. Debye was also thoroughly 
familiar with the prior art processes relied upon as an¬ 
ticipations of the present invention. As to the unobvious¬ 
ness of the invention from the prior art, Dr. Debye testi¬ 
fied (A 74): 

“A. WeU, I thought it was an exaggeration, I 
did not really believe it. 

Q. But when you did become fully acquainted with 
it, were you then able to explain it on the basis of 
knowledge of gas solid mixtures of this type as the 
art prior to 1940 had known it? A. Well, about two 
years ago or two and a half years ago, I had to look 
into this, I wanted to look into this business, because 
then I saw (a) that it was really true, that here was 
something winch was very peculiar. Then I tried 
to explain it, I tried several times to explain it, but 
I did not succeed. So, I am in the position that here 
there are experiments which have definite and clear 
results but, on the other hand, I do not yet know how 
to explain it from first principles, and I do not be¬ 
lieve that there is anybody else who knows. 

Q. Now, from your examination of systems of 
this kind, can the result which the Lewis and Gilliland 
combination achieves be obtained by using the proper 
gas velocity, but without regard to particle size or 
tile rate at which the solids are fed to the zone? A. 
No, it is impossible. These three things are all inter¬ 
locked and they have to be adjusted to each other.” 

Confronted with this testimony of men of the highest 
skill in this art and of unquestionable integrity, the district 
court held that applicants* process is taught in the prior art, 
that it is obvious from the prior art, and that the results 
produced by applicants* process are the expected results. 
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The findings of fact and conclnsions of law rendered by the 
district court reflect not the slightest consideration of the - 
evidence adduced before that court. It was as though the <« 
witnesses had not appeared at alL Viewed in the most 
kindly light, the holding of the district court is to the effect 
that the undisputed testimony of these outstanding scien¬ 
tists is wholly wanting in credibility. ^ 


AppeDee’s error as to **critica]it 3 r**. ^ 

Appellee argues (brief, p. 7) that the application in ' 
suit makes clear by text and diagrams (A 149-150, 166a, 
166b) that a dense turbulent bed can be achieved with higher 
gas velocities than those claimed. But the very same text 
and the very same diagrams make equally clear to those 
skilled in the art that a suspension of high density can be 
produced at gas velocities above 2.3 feet per second only at 
the cost of feeding vastly larger quantities of solids into 
the reactor, i 


The striking thing about the data shown in the applica- t 
tion is the ‘‘difference in kind’’ of operation which they 
demonstrate, in suspensions of such fine particles, depending 
on whether the gas velocity is above or below 2.3 feet per 
second (A 61, 70-1). If above that velocity, the density of 
the gas-solids mixture in the reactor is controlled by one 
factor, the rate of solids feed; if below that velocity, it is 
controlled by another factor, the gas velocity (A 207-8). N 



Paradoxically, at velocities within the range defined in 
the claims, changes in the feed rate have almost no effect 
upon the density provided only that the feed rate is suffi¬ 
cient to replace the quantity of particles carried off by 
entrainment in the gas (Lewis, A 62). A high density and 
an unprecedented turbulence is obtainable in the upper 
reaches of that gas velocity range with a surprisingly low 
feed rate (Lewis, A 51; and see Alexander on Colloid 
Chemistry, quoted at A 73-4). 

This is the phenomenon described and illustrated in 
the specification, as we have shown. This is the phenom¬ 
enon that defies explanation today (A 74). 
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No one had ever before conceived this phenomenon or 
shown how to make use of it in producing a dense, turbulent 
bed with a low feed rate. The fact that it cannot be ex¬ 
plained even now though used every day in the cracking of 
hundreds of thousands of barrels of oil is, or ought to be, 
conclusive evidence that the proportions are critical and 
that its discovery was inventive, and starkly non-obvious. 

The testimony of the witnesses as to the existence of this 
phenomenon and as to the criticality and interdependence 
of the factors claimed in achieving it is not only uncon¬ 
tradicted and impressive in source; it is compellingly con¬ 
firmed by the widespread adoption and use of the phenom¬ 
enon in industry. 

Appellee’s brief does not touch on this phenomenon, 
though repeatedly asserted in appellant’s brief (pp. 5, 8, 
10, 19) and in the testimony there cited. Neither is it 
touched on or mentioned in the decision below nor in the 
decisions of either of the tribunals of the Patent Ofl&ce. 
Nor is it suggested in a single one of the references. 

Appellee argues (brief, p. 12) that the unexpected rela¬ 
tionship observed at gas velocities up to 2.3 feet per second 
is a mere difference in magnitude or degree, ascertainable 
by routine experiment The argument is untenable either 
in fact or in law. 

As to. the facts, all of the witnesses are in accord that 
the phenomenon resulting from the particular combination 
of factors claimed was a complete surprise, entirely incon¬ 
sistent with prior knowledge and experience, and so unob- 
vious as to defy explanation even now. To call such a 
phenomenon routine or a mere difference in degree is rank 
absurdity. 

Here the specification shows by actual data (A 149-150 
and Figs. 1 and 2, A 166a, b) the physical phenomenon and 
its factual consequences—^the velocities and feed rates cor¬ 
responding with actual densities and particle sizes. And 
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the undisputed evidence confirms the actuality of the phe¬ 
nomenon disclosed and its immense practical importance 
to the oil refining and other industries (pp. 10-13 of our 
main brief). 

As to the law, the rule is that limits are critical if they 
correspond in fact with a physical phenomenon of im¬ 
portant practical consequences (see cases cited in footnote 
on p. 43 of our main brief). Since the practical art attests 
the importance of the limits claimed by precisely following 
them, it follows that the cases relied on by appellee at 
page 13 of its brief are not in point. 

For in In re Pollack et al., 36 CCPA 1156,175 F. 2d 587, 
the applicant sought to supplement his disclosure by afiEi- 
davits subsequently filed. Here the specification itself con¬ 
tains all the data and aU the necessary disclosure on which 
the claimed steps, conditions, and advantages are predi¬ 
cated (see A 149-150, Figs. 1 and 2 at pp. A 166a and 166b, 
and Dr. Debye’s discussion of that disclosure at A 69-70). 

And, in contrast with the situation presented in Abbott 
et al. V. Coe, 71 App. D. C. 195,109 F. 2d 449, the unexpected 
result of the process here claimed is mathematically stated 
and illustrated in the portions of the original specification 
and drawings referred to. It is true that the words ‘‘un¬ 
expected result” are not used. Certainly the authorities 
do not call for that. But the result itself is stated in precise 
terms of feet and pounds and minutes, which the engineer 
cannot fail to understand though he may be incredulous, as 
Dr. Debye was at first (A 74). The criticality of gas 
velocities below 2.3 feet per second is not obscured, but 
on the contrary, it is made clear to the engineer by the 
methodical data showing the grossly disproportionate in¬ 
crease in feed rates necessary to achieve a dense, turbulent 
bed at higher gas velocities. 

Nor is there anything indefinite in the instructions 
given in the present application, as in Dow Chemical Co. v. 
Halliburton, 324 U. S. 320, cited at page 14 of appellee’s 
brief. For the data show that one result is achieved at gas 
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velocities in excess of 2.3 feet per second while a different 
result—described by the experts without contradiction as a 
‘‘phenomenon”, a “difference in kind” (A 51, 70)—^is 
achieved at gas velocities below that critical turning point. 

The case at bar differs from all of those cited at pages 
13-15 of appellee’s brief in that it demonstrates the differ¬ 
ence in kind by actual figures, and shows to those skilled 
in the art the criticality of the factors claimed by the 
mathematical contrast of the results indicated. 

Appellee’s reference (brief, pp. 15-17) to the patent 
statute, and the rules of the Patent Office, does not advance 
its argument. There was no rejection by the Patent Office on 
the ground of failure to comply with those requirements. 
To the contrary, the rejection was due to incredulity in the 
Patent Office that such departures from the prior art could 
result in such a phenomenon,—^incredulity now “completely 
overcome by impressive and uncontradicted testimony in¬ 
troduced at this trial” and “not available to the Patent 
Office”.* 

Appellee cites no authority, and we know of none, for 
the proposition that a novel combination of factors, fully 
described and specifically claimed is to be denied the award 
of a patent on the ground that other combinations are like¬ 
wise described together with mathematical data showing 
on their face to the engineer the critical “difference in kind” 
between such other combinations and the specific one 
claimed. 

That is the fact in the case at bar, as the undisputed 
testimony shows. 

The defense of lack of criticality in the specific combina¬ 
tion of steps in the process here claimed is unsound in law 
and disproved in fact. The appellee’s basic proposition is 
therefore untenable. 


• Quoting from Judge Holtzoff in Pattinson v. Marzall, 
100 F. Supp. at p. 789, 91 USPQ at p. 176. 




Further ejfforts of the appellee (brief, pp. 12, 13) to 
discredit the application in suit merit brief comment. 

At page 12, appellee says of Fig. 4 (see A 203 and 241) 

‘‘Asa witness in the trial in the District Court, appli¬ 
cant Lewis would seem to have agreed (A 65 and 66) 
mth the examiner (A 233, second paragraph) that if 
similar curves be drawn for solid feed rates of 3.0, 
4.0, and 5.0 lbs. per cu. ft. of gas, such curves would 
show that high densities in the reactor are obtained 
at velocities above 2.3 feet per second. The examiner 
calculated that at a feed loading of 5.0 lbs. per cu. ft., 
a gas velocity of 5 ft. per second will result in a 
density of about 8 lbs. per cu. ft. in the reactor. This 
calculation by the examiner is confirmed by the so- 
called ‘composite figure 4,’ (A 241).” 

What appellee seems to ignore is that this same “com¬ 
posite Figure 4” (A 241) also proves that at feed loadings 
of 3.0,4.0, and 5.0 lbs per cu. ft. the same sharp break occurs 
at 2.3 ft. per second as occurs in the smaller feed loadings 
and the same “difference in kind” of relationship between 
the factors of feed loading, gas velocity and reactor solid 
loading obtains on the left-hand side of 2.3 and the right- 
hand side of 2.3 respectively as obtains with the smaller 
solid feed loadings. 

In a further oblique attack on Figure 4, appellee, on 
page 13 of his brief, says: 

“But, as the examiner added, no recognition of any 
criticality in this value is to be found in the applica¬ 
tion of Lewis and Gilliland as originally filed.” 

This position of the examiner was completely refuted at 
the trial in the district court by both Dr. Lewis and Dr. 
Debye. Dr. Lewis testified (A 60); 

“Figure 4 represents no new factual information. 
The factual, Erectly determined data are found on 
Figures 1 and 2. Figure 4 is constructed from Fig¬ 
ures 1 and 2 with the purpose of bringing out rela- 
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tionships that are not so obvious from Figures 1 and 
2, or by no means so obvious as in Figures 1 and 2. 

Q. But they are inherent in Figures 1 and 2? A. 
They are inherent in the Figures 1 and 2 and they 
are constructed from those figures. 

On this same point Dr. Debye testified (A 69-70): 

“We have two sets of curves, we have first the curves 
numbered Figure 1 and Figure 2, which are express¬ 
ing experimental results. Then, we have a curve 
numbered Figure 4 which is nothing else than another 
mathematical representation of the data which are 
already contained in 1 and 2. So, I can derive all 
my consequences either from curves 1 and 2 or from 
curve 4 and each of these procedures will lead to the 
same result. 

This testimony admits of no doubt that Figure 4 added 
nothing new to the disclosure. The Patent Office expressly 
conceded that Figure 4 added nothing new to the disclosure 
by admitting it without question. The solicitor asserted in 
open court that this case does not involve any question of 
new matter (A 18). Indeed, it is hornbook law that an 
amendment which is seasonably and properly made and 
which does not involve new matter relates back and speaks 
as of the date of the original application. 69 Corpus Juris 
Secundum 474. 

Before leaving this question of criticality, it may be 
worth noticing the statement by the solicitor on page 11 
of appellee’s brief: 

“If the Lewis and Gilliland application could be 
said to have indicated a point which corresponds 
with physical phenomena, that point would seem to 
be 1.& feet per second, rather than 2.29 (or 2.3) feet 
per second, the upper value for gas velocity specified 
in the filftims on appeal” 

On this point the Court must weigh against this notion of 
the solicitor the cold, xmyielding data given in the specifica¬ 
tion itself, and the expert testimony of Dr. Warren K. 
Lewis and Dr. Peter Debye showing the inflection point at 
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2.3 feet per second. It is submitted that the evidence estab¬ 
lishes that the point which corresponds with the physical 
phenomenon is 2.3 ft. per second rather than 1.48 ft. per 
second. 

The Prior Art Fails to Disclose the Invention in Sait. 

Appellee in effect concedes that there is no disclosure or 
suggestion in the prior art of the precise process steps de¬ 
fined in applicants’ claims. At page 8 it asserts that: 

** Because they are not critical, the specific values 
recited in the claims need not be found in the prior 
patents cited.” 

At page 17 it adds: 

“. . . there is no need to seek those specific values in 
the seven prior patents upon which appellee relies,”. 

Indeed there is no assertion that a single patent relied 
on shows the combination of values claimed or achieves the 
result of a high density bed of fine particles with high gas 
velocity and low rate of solids feed—the touchstone of com¬ 
mercial success. Under the fixed and established law of this 
and other courts, as stated for example in Carbide and Car¬ 
bon Corp. V. Coe (1938), 69 App. D. C. 372, 377; 102 F. 2d 
236, such an achievement amounts to invention. 

Answer will be made, however, to some of the major 
errors of appellee’s brief in its discussion of the prior art. 

In discussing the Winkler et al. patent No. 2,111,579, the 
solicitor, on page 20 of appellee’s brief, says: 

“Pressure is not a negligible factor (A 131).” 

Here the solicitor is not quoting the testimony of the witness 
but his own testimony. The witness’ testimony was that 
pressure may be a negligible factor. The witness had 
tried to get the solicitor to state what order of pressure 
the solicitor was talking about but the solicitor failed to do 
so. Actually, the witness positively stated that, with re- 
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spect to this patent, pressure need not be taken into account 
(bottom A 84, top A 85). 

Appellee’s brief suggests that it will require appreciable 
pressure to force the gases through the dense turbulent bed 
of solid fuel It having been demonstrated by Dr. Debye 
that the outlet of the apparatus is at atmospheric pressure 
(A 85), and this not being contested, it follows, that the in¬ 
coming gas must be at a sufficient pressure to force its way 
through the apparatus. This means that the gas would ex¬ 
pand from the entering pressure at the inlet to atmospheric 
pressure at the outlet. Dr. Debye explained this on his Ee- 
direct examination at A141 in which he pointed out that, 
if we assume that the gas is under high pressure going into 
the bed, then we would have a correction to higher velocities 
because this gas, after expanding in the bed, would have a 
still higher velocity than he had calculated. In other words, 
the correction which appellee suggests as being necessary 
would only serve to increase the velocity calculated by the 
witness. 

The brief makes some point (at page 20) of appellant’s 
failure to explain the statement in the amendment to the 
application dated August 13,1946 to the effect that in Ex¬ 
ample 1 of Winkler et al. the velocity is .14 ft./second while 
in Example 2 it is .16 ft./second. The solicitor asked Dr. 
Debye on cross examination about these velocities of .14 
and .16 ft./second. Dr. Debye replied that he had drawn his 
own independent conclusions from the factual data (A 131). 
It can hardly be questioned that Dr. Debye was qualified to 
make the calculation involved. The fact that some undis¬ 
closed author of unknown qualifications arrived at different 
figures by some unknown method of calculation does not con¬ 
stitute any basis for questioning the accuracy of Dr. Debye’s 
calculations. 

On page 21 of his brief, appellee challenges Dr. Debye’s 
interpretation of the Winkler et al. process because he sug¬ 
gests a conflict between what Dr. Debye said and what the 
patentees said. Dr. Debye merely testified as to what he 
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considered to be physically possible under the conditions 
of operation disclosed by the patentees. If, contrary to his 
belief, any of the dust that was returned to chamber 1 
through tube 14 actually entered the bed 8, the high gas 
velocity would not permit it to stay there. There is nothing 
in the patent to suggest that it would not immediately be 
separated from the coarse particles of coke or coal in the 
bed and blown overhead with the fine particles of the 
feed (A 87). 

But even if it were true that in Winkler et aL some of 
the dust returned to mingle with the coarse particles in the 
bed it would not aid appellee’s position. For, in the first 
place, there is not the slightest pretense that the resulting 
mixture could approach the requirement of all of the claims 
that the “major portion” of the particles in the bed pass 
100 mesh; and in the second place, the total feed of solid 
particles, coarse and fine, recited in the Winker et aL patent 
is so small that it could not produce a density of even 1% 
by volume if all of it were within applicants’ size range 
(A 88). 

It needs to be borne in mind that appellee’s argument 
necessarily invokes the doctrine of inherency—^that the 
process here claimed is inherent in the Winkler et al dis¬ 
closure despite the positive evidence (1) that the patentees’ 
gas velocity is nearly double the critical gas velocity 
here claimed, (2) that the “major portion” of the particles 
in the bed 8 are entirely too large to pass 100 mesh, and 
(3) that the total feed of solids is so small that the density 
called for by the claims could not be remotely approached 
even if all of the particles were within applicants’ size 
range and the gas velocity were reduced to applicants’ 
range. But the doctrine of inherency applies only where 
the conditions called for in the claims are necessarily and 
inevitably present in the prior operation. It does not apply 
where the occurrence of those conditions is a mere possi¬ 
bility. See Parker v. Ballantine (CCPA 1939), 101 F. 2d 
220 and cases cited at page 223. A fortiori, it does not 
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apply where, as here, their occurrence is an impossibility, 
as Dr. Debye has shown (A 88). 

Finally, appellee contends (brief, p. 21) that Dr. 
Debye’s calculations as to density in the Winkler et al 
patent (A 88) refer to densities above the bed. What Dr. 
Debye actually said was: 

^*So, what I did, I assumed that the whole feed 
which is going iiko the instrument, into the appa¬ 
ratus, would consist only of dust, so there are no 
big particles; ’’ (Emphasis ours). 

Nothing could be clearer than that. Dr. Debye was talking 
about the type of suspension or bed, if any, which would be 
produced in the apparatus if the feed of solids to the appa¬ 
ratus were composed entirely of small particles within the 
scope of applicants’ claims. Dr. Debye went farther and 
assumed that the velocity in this system was also within 
applicants’ claims. What Dr. Debye asserted was that, 
wholly apart from any dispute about velocity in the 
Winkler et al patent and about particle size, the feed rate 
of solids to the system as disclosed by Winkler et al was 
insuflScient to maintain in the system a suspension having 
anything like the density of at least 6.6% by volume of 
solids required by applicants’ claims. This is merely a 
confirmation of the statement made by Dr. Warren K. 
Lewis in his affidavit (A 245) to the effect that, if Winkler 
et al were correct in asserting that they had a dense bed 
at the velocities indicated and with the feed rate of solid 
indicated, it is clear that they must have reference to 
material of much larger particle size than that with which 
applicants’ invention is concerned. 

As to Odell No. 1,984,380, appellee’s argument is equally 
untenable. The smallest particle size mentioned is Vs of 
an inch—over 3 millimeters in diameter. This is not only 
larger than the largest particle size permissible under the 
rilaiTng (2 millimeters) but it completely excludes the fine 
particles required by the claims—“the major portion of 
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which passes 100 mesh’^ (0.15 millimeters—see “Particle 
Size Conversion Table, Exh. Book, p. 1). 

In discussing Odell, appellee says, at page 23 of his 
brief: 

“In language much like that of Lewis and Gilli¬ 
land in their application, Odell defines the term 
‘fluidized mass,^ as used in his patent,”. 

The language used by Lewis and Gilliland and by Odell, 
respectively, in describing their respective systems is alike 
in the same way that black and white are alike. Whereas 
Lewis and Gilliland describe and claim the use of particles 
of different sizes, Odell repeatedly emphasizes that his 
particles should he of uniform size. Whereas Lewis and 
Gilliland emphasize that the velocity applied must be such 
as to entrain all the particles employed, Odell, in the very 
passage referred to by appellee, states no less than five 
times that no entrainment should occur (Exh. Book, p. 34, 
col. 2, Is. 30-70). 

Appellee seeks to resolve these manifest differences by 
' referring to the operation of the apparatus shown in Figure 
2 of Odell (brief, pp. 23-4). One would be led to assume 
from appellee’s discussion that Odell somehow indicated 
that the bed of material in Figure 2 is different from the 
bed of material in Figure 1. To the contrary, Odell de- 

' scribed the mass 2 in Figure 2 as “a fluidized mass” and 

he carefully defined “fluidized mass” in his patent (Exh. 
Book, p. 34, coL 2, Is. 30-42). Thus, the “fluidized mass” 2 
in Figure 2 is one in which there is no entrainment of the 
r particles. 

' Appellee assumes that, because in Figure 2 of Odell the 

solid flows from one vessel to the other, there must be 
entrainment. This simply means that appellee has mis- 
r. ' understood the nature of the suspension described by Odell. 

y ' This suspension is a fluidized mass which behaves like a 

liquid. Accordingly, by maintaining the level of the suspen- 
Jri sion in vessel 1 high enough, it can be caused to flow down 
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through valve 8a: Odell says (at Exh, Book, p. 34, coL 2, 
Is. 21-27): 

“Referring to Figure 2 the fluidized mass 2, can be 
made to circulate automatically by merely opening 
valves 8A and 8. The fluidized solids overflow like a 
liquid and pass down through 8A into chamber lA, as 
indicated at 2A, then out of chamber lA through 
valve 8 and again into chamber 1.’’ 

Entrainment of the solids in any phase of this operation 
is not only unnecessary, it is directly contrary to the explicit 
description of the term “fluidized mass’’ in the paragraph 
of the patent which follows immediately after the matter 
just quoted. 

Since all of the claims on appeal require— 

(1) an entrainment velocity “sufficient substan¬ 
tially to empty said contacting zone of solids in the 
absence of continuous solids feed to said zone,” and 

(2) solid particles of a maximum size less than 
the minimum size of Odell’s particles, 

and the Odell patent contains not the slightest suggestion 
of such a gas velocity nor of a dense, turbulent bed of fine 
particles, nor of the critical correlation of factors pro¬ 
ducing that result with a paradoxically low feed rate of 
solid particles, the issue here is on all fours with that before 
this Court in Broderson v. Marzall* cited. There, as here, 
the differences between applicants’ process and the prior 
art patents were pointed out by expert testimony of the 
highest order, and this Court held that the court below 
had committed reversible error in following the Patent 
Office. 

In discussing the Huppke patent No. 2,231,424, appellee 
states at page 26 of his brief: 

“In the absence of knowledge in the record as to 
the meaning of the term * activated,’ there is an 


• See footnote, page 1. 



apparent inconsistency between the general state¬ 
ment by Hnppke, etc.” 

Why appellee assumes that there is any absence of knowl¬ 
edge in the record as to the meaning of the term “acti¬ 
vated” is not clear. And why that term should give rise 
to an inconsistency between the general statement of 
Hnppke as to the size of his catalyst and the specific state¬ 
ment in his example is even more puzzling. The record 
shows (A 109) that the witness, Dr. Debye, was asked: 

“Now, what is meant by that phrase, ‘less magni¬ 
tude than the mean free path of the activated mole¬ 
cules of gas’?” (Emphasis ours.) 

The witness, in answering, did not give the meaning of the 
expression with the word “activated” omitted. Rather, he 
gave the meaning of the entire expression. If appellee 
thought that the expression should have some meaning 
other than that given by Dr. Debye because of the presence 
of the word “activated” in the expression, his solicitor 
had ample opportunity to explore this possibility with Dr. 
Debye on cross examination. 

The contention (brief, p. 27) that there is an incon¬ 
sistency between the general instruction to use particles 
having a size less than a micron and the statement that the 
particles used pass through a 300 mesh screen is tantamount 
to saying that the greater does not include the lesser. It is 
as though one ordered a load of pea coal from the coal man 
and then decided that he had not received pea coal because 
the coal maTi loaded it into his bin through a 2 foot manhole. 
Indeed appellee’s assertion of “apparent inconsistency” 
as to particle size in the Hnppke patent merely weakens the 
force of that patent as a reference. * 

It boils down to this: The particle size is uncertain; 
the gas velocity is nowhere stated (nor even mentioned in 
appellee’s argument); the ratio of solids to gases is nearly 
2000 times Z65S dense than that required in all the claims 


21 


in suit (A 112). Such a patent cannot seriously be argued 
as a reference. 

Since the Board of Appeals admitted (1) that the MuUer 
patents (U. S. No. 1,810,055 and British No. 285,038) give 
no specific data as to particle size or velocity (A 259), (2) 
that “there is no distinct statement in Tyler (No. 1,798,857) 
of gas velocity or of volume density of solid’’ (A 259), and 
(3) that the patent to Carpenter (No. 2,259,486) is silent 
as to gas velocity or the size of the particles (A 261), appel¬ 
lee’s contentions as to these references need no further 
comment. 

The most that can be said for the references is that 
some of—them disclose “turbulent bed density” of sorts, 
some disclose fine particles, others disclose gas velocities 
above or below the range defined in applicants’ claims in 
suit. Not one discloses, or “necessarily and inevitably” 
involves, the combination of factors here claimed. Not one 
suggests any combination of factors by which such fine 
particles can be made to form so dense and turbulent a bed 
with gas passing through it at critical speed above entrain¬ 
ment velocity. Not one suggests that by correlating the 
factors as claimed, the dense turbulent bed can be achieved 
with a surprisingly and disproportionately small feed of the 
fine solid particles. Not one of them supplied or suggested 
the new technique that has swept the industry. The situa¬ 
tion is on all fours with that presented in the Broderson 
case cited. 

Dr. Debye closed his direct testimony with an admirable 
characterization of the essential dijfferences between (1) the 
Winkler et al and Odell patents representing Eegime 1, 
(2) the Huppke and Muller patents representing Eegime 2, 
and (3) the Lewis & Gilliland invention in suit, as follows 
(A 124): 

“Q. Now, have you. Dr. Debye, worked out in 
your own mind a method for contrasting these pat- 
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ents of Regime 1 and Regime 2 with the Lewis & Gilli¬ 
land invention? If so, wonld yon please state it? • A. 
Yes, I have done so. I think if we don’t look too 
mn(^ at small details, there are two main questions. 
There is first the question, do we have a yes or 
no. Secondly, do we have entrainment of ^e raw 
material whi^ is in the bed, yes or no. So, these are 
the main questions which have to be answered. 

Now, since I have two questions with two answers, 
yes and no, I have four possibilities in which I can 
make combinations. I can first have the combination 
yes-no, which means in this case yes, we have a bed 
but we have no entrainment. Then, I am in Regime 1. 

I can have the combination no-yes, I have no bed 
and just entrainment and nothing else. Well, then 
we are in Regime 2. 

Now, there are two more combinations left, we 
coTild have no-no, well, that is of no importance, but 
we have no bed and no entrainment, so we have 
nothing at alL 

Then, we can have yes-yes, and that is just the 
thing which Lewis invented. Then, we have a bed 
and in this bed we have entrainment of the total ma¬ 
terial which is in the bed. At the same time as we 
have the bed, this material is also entrained, not a 
part of it, the whole. 

As far as I can see, these are the only possibilities. 
But they are different in kind, if we say the answer 
no-yes is different in kind from the answer yes-no, 
ffien the third answer, yes-yes is also different in 
kind from the two others.” 

In conclusion, it is beyond question that this combination 
of dense bed of fine particles at entrainment velocity and 
low feed rate not only stumped the experts but made avail¬ 
able to the industry a new, cheaper and more efiScient tech¬ 
nique for the contacting of gases with solids, solved an 
important problem, and substantially replaced other 
processes. 

On the authority of the decisions of this Court cited 
above and at pages 41-47 of our main brief, we submit that 
the process claimed is patentable, and that the judgment 



below should be reversed with instructions to enter an order 
directing the appellee to issue to appellant a patent in the 
form here applied for. 

Respectfully, 

W. Fsedbbick Weigestbb, 

Attorney for Plaintiff-AppeUawt, 


Theodobe S. Kenton, 
P. J. Whelan, 

Paul 0. Dunham, 

Of Counsel. 


Dated: January 11, 1952. 
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This petition is limited to a single mistake of law whidi 
we believe lies at the basis of this Court’s affirmance' of the 
judgment adverse to plaintiff. 

The Court (Gdgerton and Fahy, CJJ., Miller^ (XJ. dis^ 
seating) affirmed the decision below on the ground that 
the District Court was not clearly wrong in finding that 
the appealed claims do not state invention over Gie prior 
art. Bnt the issue of invention presented here depends 
upon the criticality of the proportions claimed. And if 
those proportions are indeed critical, in the patent sense, 
it can hardly be doubted that their discovery constituted a 
patentable invention. Indeed, if the propoi^ons are criti¬ 
cal, the defendant’s brief does not deny that the discovery 
was inventive.* 

TbemiitakeofUiWttig to the m eani ng of the term 

At the argument the Presiding Judge asked plaintiff’s 
counsel to define'^criticality”. Apparently the answer wag 
inadequate for the judge remarked timt it appeared to 
mean about the same thing as "invention”. 


* See defendant’s statement of the issues at page 8 of 
its brief. 
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We respectfully ask leave to correct or expand the an¬ 
swer given in argument, for “ criticalitythough a test 
of ‘‘invention’^, is a definitely determinable fact, whereas 
‘invention” is at best a mixed question of law and fact. 

As shown by the cases cited below, ‘‘criticality’’ may 
be determined in either of two ways: 

First, where the patentee, in combining old elements in 
new proportions, discovers a point at which a physical phe¬ 
nomenon occurs, he is entitled to a patent if the phenomenon 
be new and unexpected and of substantial practical im¬ 
portance. Minerals Separation, Ltd. v. Hyde, 242 U. S. 261, 
267 (1916); Kioik Set, Inc. v. Welch Grape Juice Co. (2 Cir. 
1936), 86 F. 2d 945, 947; cf. Dow Co. v. Halliburton Co., 324 
U. S. 320, 329 (1945). 

Second, where the patentee discovers new proportions 
of old elements resulting in a difference in kind, not merely 
in degree, and where substantial departure from these pro¬ 
portions will result in failure to achieve the benefits of the 
discovery, he is entitled to a patent limited to those critical 
proportions. Bechet v. Coe (C. A. D. C. 1937), 98 F. 2d 
332, 335-6; 69 App. D. C. 51, 55. 

In the Minerals Separation case, the elements of the 
process were all old; a suspension of ore particles in water, 
an addition of oil, and agitation and aeration to tuit and 
intimately associate the oil with the metals in the ore. In 
the prior art process in which these elements had been com¬ 
bined in conventional proportions, the metal particles were 
agglomerated and sank to the bottom. But the patentees 
discovered that by reducing the oil addition to “a fraction 
of one per cent” a new phenomenon occurred; the metal 
particles now adhered to the air bubbles and rose to the top 
in the foim of a froth; the result had never been obtained 
before. The claims, and only those claims, that were lim¬ 
ited to the “critical proportions” were held valid. 


In the Bechet v. Coe case, this Conrt said at the pages 
above cited: ’ - t vr. 


“Patentability of an alloy upon the basis of new 
proportions of old elements requires that the new 
proportions give a new result; either a new alloy; or 
an old alloy with characteristics which result in 
entirely new, or substantially enhanced, qualities of 

utility. c , c. 

• • • 

“There is evidence that the proportions named by 
Becket are critical; in other words, t^t substantial 
departore from his proportions will result in. failure 
to achieve the alloy of Ms invention.’^ 

The answer to Judge Edgerton^s question, based on 
these authorities, is briefly as follows: 

If it is discovered that in combining old elements in 
previously untried proportions there comes a point at wMch 
a new and strikingly important phenomenon occurs, this 
point is said to be “criticaP’ in defining a boundary between 
what was within the expected skill of the calling and what 
amounts to patentable invention. ‘‘ Criticality^ * depends on 
discovery of a phenomenon; “invention’’ depends on the 
novelty and importance of the phenomenon; * * patentability” 
depends on the proper limitation of the claims to the limits 
of the phenomenon. 

When the doctrine of criticality is thus properly under¬ 
stood it is dispositive of tMs case. For the claims are pro^ 
erly and specifically limited to the combination of elements 
(velocity, particle size and density), each within the limits 
characterized by the phenomenon described. There is no 
denial of the immense practical and commercial importance 
of that combination, nor any pretense that any prior art 
patent or group of patents suggests the combiimtion of, 
those elements within the precise and cnticM pfoportioM 
claimed. Finally, there cannot be dispute as to the dis- 





eovery and> disclosure of the phenomenoB, for it is faetaally 
demonstrated in the specification and specifically in the test 
data described and illustrated. 

The critkal phenomenon^ to which die itrae cfaihm 
ere Hmfted, is denxmstreled hictoelly by die 
qiedficetion. 

The witnesses agreed, and defendant does not deny, that 
when the test data described and illustrated in the specifica¬ 
tion are charted to show the relation between the gas 
velocity and the feed rate necessary to produce the given 
concentration of the given particles in the reactor, there is 
a sharp and unaccountable break at a gas velocity of 2.3 
feet per second, evidencing a phenomenon that exists 
throughout the gas velocity range between .3 and 2.3 feet 
per second different in kind from what exists at gas veloci¬ 
ties above 2.3 feet per second.* 

As shown at the argument by reference to data in the 
application file, this phenomenon has the important and 
wholly unexpected result of producing a given concentration 
of solid particles in the reactor with one-ihirtiefh of the 
feed rate required when not using the proportions claimed. 
As shown at the trial by reference to actual refinery opera¬ 
tions, the phenomenon permits huge throughputs while re¬ 
quiring feed of catalyst at only one-forty-fifth of the ex¬ 
pected rate (A 72). 

• TMs was agreed to by the Patent Office in admitting 
without objection the amendment which points out verbahy 
(A 206-8) and graphically (A 203), by reference to the 
ori^al disclosure, that a ‘^‘sharp dumge’^ occurred at 2.3 
feet per second. It was agreed to by ^e defendant in its 
acknowledgment that there is in this case ^*no question of 
new matter’* (A 18). The specification thus demonstrates 
unequivocally, and without any question of new matter, 
that the particle size limitations and gas velocity limitations 
de^ed in the claims are critical in achieving the claimed 
dense turbulent mass. 
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No one can explain why this phenomenal difference in 
feed rate occurs under these precise ^nditions (A 51, 63, i 

74). The experts merely know that it is so. The evidence 
is undisputed that at gas velocities above 2.3 feet per 
second the particles must be fed at a hi^ rate to m^tain | 

the specified density; while at ^s velocities below 2.3 feet ! 

per second the particle feed rate is strikingly,'tmab- 
countably, 'and disproportionately lower. It is this discov¬ 
ery of the feasibility of high density with unexpectedly low ! 

feed rate that has made the *^fluid catalytic cracking I 

process*^ a practical success of revolutionary importance. | 

The break point of gas velocity at 2.3 feet per second | 

in this precise combination meets every legal test of 
“criticality*’. It marks the boundary of the phenomenon, 
a “difference in kind” (A 60,70,124), solving an important 
conunercial problem on which large sums had been spent i 

unsucessfuUy in seeking solution by other means. No prior 
patent discloses or suggests either the existence of sudi a 
critical boundary or any correlation of factors capable of I 

achieving the phenomenon here disclosed and claimed. 

We submit that a proper appreciation and application | 

of the rule of law as to “criticality” would have led to 
reversal of the judgment below and tibat a rehearing should 
accordingly be granted. 

■ -i; 

I I 

Respectfully, i 

— I 

W. Pbbdebick Wbigesxeb, 

Attorney for Petitioner, 

Theodobb S. Kenyon, 

P. J. Whelan. 

Pattl 0. 

Of 

Dated: 








